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Here is a combination text-manual presenting all essentials 
for an introductory course. These important elements— 
experiments, theory, problems—are unified and. treated 
rigorously, bringing the student the essence of the most 
successful procedures. The text-manual is paper bound, 
resembles a laboratory manual in format, and includes 


assignments, theoretical discussions, and problems. 


McGraw-Hill Book Co., Inc. 


330 West 42nd Street * New York 36, N. Y. 
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DESICCATING CABINET 


ANSWERING THE Neep For Erricigncy AND 
Durasitity IN LABorATory DesiccATING EQUIPMENT 


An attractive and highly serviceable cabinet for 
use in metallurgical, chemical, industrial and 
clinical laboratories. The Desiccating Cabinet 
has been engineered to give the maximum in 
service, coupled with an attractive appearance 
and sturdy construction. 


Completely air-tight and moisture-proof, this piece 
of equipment is made of highly polished 18-8 
stainless steel, with three sides of */\,” glass 
securely cemented to the frame, providing full 
observation of contents. The “seal-tight’’ door, 
which has a full-height hinge, is gasketed with 
pure gum rubber, while a double action bar-lock 


Listing 


No. 1340 
11'/.” Wide x 10” Deep. 


DESICCATING CABINET, Stainless Steel. 


DistrRiBUTED THRU LABORATORY Supply DEALERS 


provides a positive seal and prevents warping. 
By the use of the manual relief valve, vacuum or 
pressure in the cabinet can be normalized before 
opening the door. 


Two asbestos shelves, 8” x 9*/,”, each with twelve 
7/,” holes, are supplied in addition to a stainless 
steel desiccant tray, 8” x 9” x */;”, with a capacity 
to hold approximately one pound of desiccant. 


_ Shelves are held in place by removable brackets 


with runners, which can be adjusted every '/,’. 


Stacking and storing are easily achieved by the 
manner in which the pressed feet of the cabinet 
are aligned with indentations on the top surface. 


Inside measurements—12” High x 


Outside measurements—12!/,” High x 12'/.” Wide x 12'/,” Deep. 


WM. BOEKEL & INC. 


PHILADELPHIA 6, PA. 
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A. H. T. CO. 


SPECIFICATION 


WILEY 
LABORATORY 
MILLS 


For the preparation, with minimal loss of 
moisture, of a wide variety of materials 
for laboratory analysis. 


4275. 


| WILEY LABORATORY MILL, STANDARD Model No. 2. For the preparation, with minimal loss of moisture from heating, 


of a wide variety of materials for laboratory analysis, such, for example, as: 


animal hair, bones, fertilizer materials, grain, leather, 
plastics, seed, tanning materials, etc. 


Now furnished with either a deep, cast aluminum drawer with rounded 
inner corners, 28 oz. capacity, which can be withdrawn from the front, 
or an interchangeable chute for collecting the sample directly in a standard 
screw neck glass jar, 16 oz. capacity, or in a bag, table drawer, etc. 


Four hardened steel knives on a revolving shaft work with a shearing 
action against six knives bolted into the frame. The shearing action of the 
cutting edges, between which there is always a clearance, 
tends to avoid changes in the sample such as temperature 


tise, loss of moisture, liquefaction, contamination, etc., making 
this Mill satisfactory for many materials which can not be 4275-H. Wiley Laboratory Mill, 
reduced by other mechanical means. Standard Model No. 2, iden- 
tical with 4274-W, i.e., with 
A sieve is dovetailed into the frame so that none of the chute, but complete with 1/2 
material comes from the grinding chamber until it can pass h.p. motor with starting box 
through the mesh. Mill without motor is 222 inches high and ond ee overloed cutout, 
occupies floor space X 18 inches. Motor driven 
model is mounted on heavy pedestal base 16% inches high. 751.50 


Motor support built into the base is hinged for adjusting belt 


tension by means of a wrench. 
4275-R. Ditto, but 
4274-W. Wiley Laboratory Mill, Standard Model No. 2, as above described, with with drawer in 

chute—as shown in illustration of 4275-H — three 16 oz. glass jars \ fch - 
with plastic caps, and three sieves of 0.5 mm, 1 mm and 2 mm mesh, re- place of chute a 
spectively. With pulley for V-belt, and set of wrenches for adjustin glass jars... .739.00 
knives, but without drawer or motor... 433. 00 


4275. Ditto, but with drawer in place of chute and glass jars; without ae ‘* 4275-H. 


Copy of Supplement 110, giving more detailed description of above and other models of the Wiley Mill, sent upon request. 


ARTHUR H. THOMAS COMPANY 


WEST WASHINGTON SQUARE PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 
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Beginning text based on sound teaching principles 


INTRODUCTION TO CHEMISTRY 


By R. T. SANDERSON, State University of Iowa. This readable and teachable new 
text is distinguished for its ney Mat 90 on principles rather than mere descriptive material. 
The approach is based on two fundamentals of sound teaching practice: 5 that learning 
is often made difficult by texts which contain more information than can be assimilated, 
so that the student becomes frustrated by not knowing what material must be learned; 
2) that learning must include understanding as well as memorization, and that the latter 
is greatly aided by the former. CH 


Within this framework, Dr. Sanderson has written a short text that contains all the in 
essentials without economizing on explanations of principles or unduly easing the rigor 
of the treatment. He stresses the nature of chemical bond and the molecular condition 
of matter, since, even at an elementary level, an adequate understanding of chemistry is 
sible only if students appreciate the reactions in terms of atoms and molecules. The 
illustrations are self-sufficient, conveying, in a different way, basic ideas which are pre- A.B. Gi 
sented independently in the text. Ready in January. Approx. 500 pages. Probably $4.75. C. A. Ve 
G.W.S 
F.B. Di 
Latest volume in distinguished series saves hours of valuable research time a 
BIOCHEMICAL PREPARATIONS, Volume III 
Editor-in-chief: ESMOND E. SNELL, University of Texas. Based on the suggestions 
and labors of a great number of workers in the field of biochemistry, this new volume Phyllis 
consolidates the position established by earlier books in the series. Its purposes, like Harvey 
those of the Volumes I and II, are: to provide readily duplicable and checked procedures C. 8. Fl 
whereby research biochemicals, not readily available from commercial sources, can be 
prepared in a state of known purity. Twenty-six important compounds are offered in the om 
new volume. Ready in December. 128 pages. $3.50. 
G.W.§ 
M.G.1 


Reviews all the contemporary practices in the light of modern research 


MODERN ELECTROPLATING , 


Edited by ALLEN G. GRAY, Technical Editor, STEEL Magazine. Sponsored by the 
Electrochemical Society, this careful work, written by 39 outstanding specialists, pro- 
vides a complete, one-volume summary of current electroplating practices. It is the 
only book to emphasize both the practical aspects of the science and the basic theory 
upon which its modern applications rest. The work presents first principles as well as 
Sanemeed techniques. In addition, it presents material on the uncommon metals and 
considers the problems encountered in plating on aluminum and magnesium. Second 
Edition. 1953. 563 pages. Probably $7.50. 


Wate 


Practical methods of temperature measurement stressed 


TEMPERATURE MEASUREMENT IN ENGINEERING, Volume | 


By H. DEAN BAKER, Columbia University; E. A. RYDER, United Aircraft Corp.; 
and N. H. BAKER, Columbia University. Distinguished from all other books on the - 
subject by its emphasis on a practical approach, this important work provides in con- 
venient, non-mathematical form, all the engineering information needed to measure 
temperature accurately. Concentrating on the details essential to actual execution, the 
authors avoid unnecessary background material. They provide a list of possible tech- 
niques for each problem and indicate what information is needed before offering a well BU! 
developed procedure of general application. 1953. 179 pages. $3.75. 20 
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Compare these features with any other balance 


Quicker Readings 


scientifically positioned, 
constant-eye-level chainomatic 
dial and vernier, large numerals, 
zero-setting from outside 

the case. 


Speeded Operation 


smooth-acting vertical rider 
lifter moved, in one motion, 
over entire beam in 

either direction. 


Faster Weighing 


new ‘Alnico’ magnetic damper 
vernier graduated for 
duplicating settings, 
readily retractable. 


Improved Lighting 
Less Eye Strain 


tapered case design focuses 
greater light on reading area, 
beam and index (by actual 
light meter test), white 

matte interior chemically 
resistant finish brightens 
without glare. 


Greater 
Working Access 


no corner posts, no cramping of 
hands while weighing, the 
new wide door opens farther 
and stays in position. 


Easier to Keep Clean 


easily removed front and 
back doors plus modern-design 
smooth contours 

simplify cleaning. 


SPECIFICATIONS *The Christian Becker Projectomatic (Model 
AB-1) is a fast weighing, direct reading, 
AB-2 AB-3 AB-4 AB-1 projected image balance. It has an accuracy, 
Capacity, gm! 200 200 200 200 or reproducibility, of 1/10 mg for all weights 
Sensitivity, mg? 0.05 0.05 0.10 * up to 200 gm—and can be read directly 
to 1/10 mg. 
Magnetic Damper Yes No Yes Yes 


Contact your Laboratory Supply 
House for complete details. 


1 capacity given is for weight on each pan 
2 sensitivity given is at full load 


— Chistian Braker: Division of THE TORSION BALANCE COMPANY 


Main and Clifton, New Sales Offices: Chicago— San Francisco 
re 
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THE VAN NOSTRAND CHEMISTS’ DICTIONARY 


Prepared under the direction of Jurgen M. Honig, Morris B. Jacobs, S. Z. Lewin, William R. Minrath and 
George Murphy 

This great new dictionary brings together the information most often needed by chemists. It gives chemical reac- 
tions, tests and reagents, as well as chemical elements and radicals. It includes the latest terminology used in naming 
compounds of phosphorus, silicon and fluorine. It includes the terms from physics, biology and engineering that are 
most commonly encountered by chemists. It is outstanding for its great number of chemical reactions, processes, 
reagents, tests and apparatus which are best known under the proper names of individuals—more than five thousand 
such terms are fully defined in this book. Containing in all over eleven thousand definitions and descriptions, many 
of which are of more than one hundred words in length, organized by a system of cross-referencing that makes all re- 
lated topics instantly accessible, this new-type dictionary is an essential part of the reference library of every chemist. 


A BRIEF INTRODUCTION TO 
ORGANIC CHEMISTRY 


By Leland A. Underkofler 


This new introductory text is designed especially to fit 
the needs of a short course in organic chemistry for 
students in agriculture, home economics, nursing and 
similar majors. The selected topics and reactions fur- 
nish a real basis for the understanding of structural 
chemistry, systems of nomenclature, and organic chemi- 
cal reactions, and thereby gives the student a sound 
familiarity with the principles and practices of the 
science. A unique feature of this text is the presentation 
of important reactions of groups of organic compounds 
as numbered type reactions with a list of these as- 
sembled in the appendix. 352 pages (April) $4.25 


MICROSCOPY FOR CHEMISTS 


By Harold F. Schaeffer 


This new teachable text is designed for courses in chemi- 
cal microscopy or microscopy in the solution of chemical 
problems, and should preferably be assigned to those 
who have had some organic chemistry and qualitative 
analysis. This very comprehensive text explains how 
methods of microscopy can save amount of time analyst 
must spend on determination—permit certain types of 
quantitative work—obtain final result within shorter 
period—economize on rare or precious reagents— 
eliminate need for other expensive apparatus—obtain 
certain results which may not be obtainable by direct 
chemical methods—eliminate hazards in dealing with 
explosives, poisons, ete. 264 pages (March) $4.50 


810 pages (October) $10.00 


THE HANDBOOK OF SOLVENTS 


By Leopold Scheflan and Morris B. Jacobs 


Here at last is a truly comprehensive handbook of the 
information about organic solvents needed in tech- 
nology and research in pure and applied science through- 
out the host of industries that include the production of 
chemicals, paints, varnishes, inks, textiles, oils and fats, 
plastics, dyes, drugs, perfumes, flavors, petroleum 
products and countless others. To meet this wide range 
of needs this great HANDBOOK includes all the data 
(28 physical properties) on the solvents themselves 
(2740 in all) including pure substances as well as com- 
mercial solvents; and it also covers thoroughly the 
technology and action of solvents. 


704 pages (August) $10.00 


INORGAMC CHROMATOGRAPHY 


By Orsino C. Smith 


This wide usefulness of chromatographic methods in in- 
organic separations and determinations is fully ex- 
plained in this new book. It covers thoroughly the 
basic research, including the factors influencing ad- 
sorption, column chromatography, paper chromatog- 
raphy, chromatography by ion exchange, and other 
fundamental topics. Then it describes in detail a syste- 
matic plan of inorganic analysis by chromatographic 
methods—and including the rare metals as well as the 
common ones. Moreover, it integrates the necessary 
chemical procedures with the chromatographic methods, 
to provide the most speedy and efficient scheme of in- 
organic analysis available. 

146 pages (January) $5.00 


GENERAL COLLEGE CHEMISTRY. Second Edition 


By M. Cannon Snead, J. Lewis Maynard and Robert C. Brasted 


This fine new edition presents a thorough revision with its theoretical and descriptive matter brought up to date, new 
material on physiological chemistry and dietary chemistry, and a change from the older system of nomenclature to 
that recommended by the Committee of the International Union of Chemistry for the Reform of Inorganic Chemical 
Nomenclature (1940). This second edition, as the first edition, continues to maintain a careful balance between the 
theoretical and descriptive sections. In the chapters devoted to the chemical elements and their reactions the theo- 
ries elaborated in the earlier sections are used consistently to explain the observations, thus affording greater oppor- 
tunity for genuine understanding. The new text is considerably shortened and more systematized, which has been 
accomplished without an appreciable sacrifice of either theoretical or descriptive matter; so that it may be more 
readily covered during standard beginning courses in college chemistry. 


D. VAN NOSTRAND COMPANY, INC. 250 Fourth Avenue, New York 3 
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fast, accurate : 
SURFACE 


owe 


CENCO-du NOUY" 


This apparatus employs the ring method for 
precise determination of both surface and interfacial 
tensions to values reproducible within plus or minus 0.05 dyne. 
Its operation is exceedingly simple and a complete determination 
can be made in from 15 to 30 seconds. Readings are direct from 
the scale without mathematical calculations. 


The Cenco-du Nouy Tensiometer is a precision instrument, carefully and 

ruggedly built for long, dependable service. There are two types available. oe 
Direct reading 

without mathematical 


No. 70535, for measurement of surface tensions and all interfacial tensions by upward calculations 


pull of ring, complete with No. 70541A Torsion Wire; No. 70537 Platinum-lridium Ring, 
6 cm; olive green enameled case and directions ... each $193.95 
ey Models available for 


surface and interfacial 


No. 70545 (illustrated), for measurement of forces required to break liquid interfaces 
measurements 


by both upward and downward movement of ring. Completely assembled with 
No. 70541A Torsion Wire; No. 70542 Platinum-lridium Ring, 6 cm; olive green 
enameled case and directions ... each $282.15 
liquid required 


Our Bulletin No. 102 “Surface Phenomena,” contains full details about this equipment, 
Write for your free copy today. 


y Only method practical. 

for colloidal 
CENTRAL SCIENTIFIC COMPANY solutions 
1700 IRVING PARK ROAD © CHICAGO 13, ILLINOIS 
CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 


SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


REFINERY SUPPLY COMPANY 
621 EAST FOURTH STREET © TULSA 3,OKLAHOMA 
2215 MeKINNEY AVENUE © HOUSTON 3, TEXAS 
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FINE CRYSTALS 


Ir you are a professor or teacher of chem- 
istry, this big, 17 x 22 inch, plastic-coated 
S&S Filtration Chart belongs on your 
laboratory wall. 


School and university laboratories have 
long been familiar with standardized, 
high-quality S&S Analytical Filter Papers. 


Now, here is complete data on the rela- 


tive retention values of S&S Analytical 
Filter Papers, and other brands, which 
shows at a glance the paper to use for 
a given analysis. 


To get your free, classroom-size S&S 
Filtration Chart, information about note- 
book-size reprints for your students, sim- 
ply address, on your letterhead: Dept. J-2. 


Carl Schleicher & Schuell Co. 


KEENE, NEW HAMPSHIRE 


HIGH QUALITY AMERICAN FILTER PAPERS 


-TO 
HEMISTRY PROFESSO | 
e e e : 
for use in Chemical Analysis 
ASH-FREE PAPERS ASH-LOW PAPERS 
QUANTITATIVE QUALITATIVE 
eS ULTRA FILTERS~° DISPERSIONS ULTRA FILTERS 
(See Bultetin 75) (See Buttetia 797 
FINE and 
507 TRACES OF TURBIDITY 576 
590 602-402 
Barium Sulfate Calcium Oxalate 
589 Blue Ribbon in 
Siwer Halides 
precipitated hot solutions 596 
Ammonia 595 
Maggesiom Ammonium Phosphate 477 
COARSE CRYSTALS 
3 589 Green Ribbon a7 such a 598 
Thiocyanate and 
589 Block Ribbon _— j 604-404 
2» 2» 
BY ecarinous preciPITATES 
such 
589-/H Silicie Acid —410 
Farrie, Aaminem, other 
©1953 
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Qualitative Analysis 
was never like this... 


“Rapid separations and no smell! A long-time 
tradition has been broken at Louisiana State 
University, but nobody seems to care, least of 
all chemistry students. 


“Gone is the ‘rotten egg’ odor. Analytical 
chemists at the University have made this 
radical departure in a new laboratory textbook 
which eliminates the use of hydrogen sulphide. 
The first edition of this revolutionary manual 
authored by Philip W. West, the late Arthur 
LeRosen and Maurice M. Vick was released by 
the Macmillan Company on February 1. 


“Viewing the new method as a logical advance- 
ment in teaching chemistry, Dr. West said, 
‘Hydrogen sulphide, which our freshmen and 
sophomores have handled, has the same toxicity 
as hydrogen cyanide which is used in gas cham- 
ber executions.’ He added that deaths have 
occurred among students and chemists using 
the compound, and that its corrosive action is 
most destructive of valuable laboratory equip- 
ment. 


‘“‘A number of Texas institutions are among those 
who have used a pre-publication form of the 
book and have praised it for its ‘balance 
between theory and practice.’ 


“In the new method definite groups of metals 
are isolated with group reagents. While the 
reagents used are standard and their mode of 
action easily understood, the key to the method 
is the early separation of trouble-making 
metals which are complex in their reactions. 


“During the past two years hundreds of students 
have used the paper-bound form of the book 
with the accuracy of results comparable to that 
obtained by the old methods. In addition the 
procedure is faster and easier to carry out. 


“The new book, ‘Qualitative Analysis and 
Analytical Chemical Separations’ is the first 
successful use of the non-sulphide method in 


teaching.” 
*Southern Chemist 
February 1953 


QUALITATIVE ANALYSIS and 
ANALYTICAL CHEMICAL SEPARATIONS 


BY PHILIP W. WEST, MAURICE M. VICK AND ARTHUR L. LEROSEN 


1953 


223 pp. 


$3.75 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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OFFERS A CHOICE OF TEXTS Wy 
ORGANIC AND FIRST YEAR CHEMISTRY 


NOLLER 


Chemi str y of Or gani Cc Com poun ds Designed for the intensive basic course, this 
text gives thorough, detailed treatment to organic chemistry. Specific emphasis is placed on current explanations of physical 
properties and on the mechanisms of organic reactions. This unique blending of theoretical and practical organic chemistry 
‘is ideal for majors in chemistry or its allied sciences. The student is introduced to the subject matter gradually, with clear, 
specific details outlined for each reaction. By Carl R. Noller, Professor of Chemistry, Stanford University. 


885 pages, 6” x 9%”, illustrated. $7.5) 
NOLLER 


Tex tbook of Or gani Cc Chem I S tr y A short course, carefully abridged from the longer 


text described above, this text maintains the same excellent balance between the theoretical and practical aspects of the 
subject. The author has omitted certain compounds and other advanced material considered unnecessary for the regular 
basic course. He has done so in a manner that leaves no break in logic or teaching continuity. By Carl R. Noller, Professor 
of Chemistry, Stanford University. 643 pages, 6” x 9%", illustrated. $5.75 


LUDER, VERNON & ZUFFANTI 


Gen er al Ch emi S tr 4 A new text for those who intend to take further courses in chemistry. Emphasizing 


the theoretical side, the authors make it exceptionally clear to students how theoretical concepts have been derived from 
experimental findings. The special summary preceding each chapter will also be helpful to students. A greater amount of 
organic chemistry than usual is included, introduced early in the course. By W. F. Luder, Professor of Chemistry, North 
eastern University; Arthur A. Vernon, Chairman, Department of Chemistry, Northeastern University; Saverio Zuffanti, 
Professor of Chemistry, Northeastern University. 595 pages 6%” x 9%", 173 illustrations. $6.00. New! 


ROUTH 


2 Oth Centu r 4 Chem I S tr 4 A new text for those who do not intend to take further courses in 


Chemistry. Here the emphasis is on practical applications to everyday life, to suit students who do not plan to take advanced 

chemistry. Even for those who have never before had a course in science, the presentation is understandable, with special 
care given to make the numerous illustrations pointed and dramatic. Organic chemistry and biochemistry are particularly 
stressed. By Joseph |. Routh, Ph.D., Professor of Biochemistry, State University of lowa. 


564 pages, 6” x 8", 288 illustrations. $5.75. New! 


W. B. SAUNDERS COMPANY, West Washington Square, Philadelphia 5 
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Its precision bore tubing insures 
ABSOLUTE ACCURACY 


at every graduation 


Widespread, enthusiastic response to our 
Ultramax Buret, manufactured of Fischer 
and Porter precision bore Pyrex brand tub- 
ing, has encouraged us to make several vital 
improvements at no extra cost to the con- 
sumer. These improvements are based on 
suggestions made by chemists in the field who 
subjected the Ultramax Buret to rigid tests. 

The most important improvement is 
that the operation of the tefion plug has been 
changed to give positive turning and inde- 
pendent adjustment of pressure. The round 
knob has been replaced with a hexagonal 
shape to prevent rolling of the buret on a 
horizontal surface. This knob and lock nut 
are now made of acid and alkali resistant 
Vinylite instead of catalin, as previously 
employed. New methods of machining the 
teflon plug have eliminated any possibility 
of leakage. 

Finally, a new process is used for pro- 
ducing a permanent fused-in ceramic scale 
that insures permanent linearity. 


DETAILS OF CONSTRUCTION 


The valve assembly consists of a self-lubri- 
cating teflon plug seated in the tapered end of 
the buret tube. A channel is formed into the 
glass, enabling fluid passage through a side 
port of the plug when turned to the open 
position. The teflon plug is rotated by a large 
plastic turning knob, and is held in place by 
a locking nut threaded on the lower extension. 
When this locknut is tightened, the plug is 
pulled into contact with the tube taper, seal- 
ing tightly. A teflon washer adjacent to the 
glass, and a compression O-ring separate the 
plastic knob from the buret glass tubing. 
These last components facilitate easy turning 
and provide regulation of thesealing pressure. 

Two glass tips of different size orifices 
are available and are interchangeable with 
any Ultramax Buret. The ground top of the 
glass tip fits into an internal taper lock of the 
teflon plug. 


PRICE LIST 


G 3102 ULTRAMAX BURET complete with integral 


stopcock valve (to del. 50 ml only)..$ 5.45 
29.76 
12 case lots, per case................ 28.20 
G 3102 A Precision Glass Tube only ........... ea. 325 


G 3102 B Valve Assembly, including glass tip .ea. 2.25 


G 3102 © Extra Glass tip: Bureau of Standards 


low time (120 ea. 


G 3102 D Extra Glass tip: Extra fast flow time 


ea. 


The EMIL 


20-26 N. MOORE STREET 


LINER Co. 


NEW YORK 13, N.Y. 


permanent fused-in 
ceramic scale 
INSURES 
LINEARITY. 


self-lubricatin 
(eflon plug 
ELIMINATES 
CONTAMINATING 
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Fy STANDARD’S SPECIALS of the MONTH! 


tous Keeping Pace with your Laboratory Needs! | 
of Supply 


VOLUPETTOR 
A NEW TYPE OF AUTOMATIC PIPETTE 


AND RESERVOIR ASSEMBLY FOR REAGENT, STOCK AND WORKING SOLUTIONS. 


No sucking with pipettes ¢ Does away with use of many pipettes ¢ Saves 
time e Easy to use Convenient Economical e Safe 


Exact duplicate amount can be readily and quickly dispensed for routine chemical and other procedures. 
The specially adapted screw cap holds the automatic pooped to the reservoir. Theamount is automatically 
pipetted ready for the next delivery. The plunger of the pipettor is left pressed down afterdelivery and is 
immersed into the reservoir solution, where it will automatically refill to the exact amount afterreleasing the 
plunger. This procedure is repeated after each delivery. Apparatus consists of an automatic pipettor with 
pipette of Pyrex glass; Special screw cap adapter of polyethylene plastic: Non-solvent bottle. 


AVAILABLE IN 2 SIZES : 
Total Capacity pipette 2 mi: —slotted volume selector provides instantaneous setting for delivery at 2.5ml—0.5mi—1.0mi—2.0ml 
Vernier adjustment may be quickly fixed to deliver fractions in hundredths. 2ml pipettor supplied with 250 ml bottle. Pipette is 
graduated to 2 mi in 1/10 ml's. Total capacity 5m! pipettes —slotted volume selector provides instantaneous setting for delivery at 
2.5ml—3.5ml—4.0miI—5.0ml. 5ml pipettor supplied with 500 mi Bottle. Pipette is graduated to 5 mi in 1/10 ml’s. 
Capacity 2 mi 5 ml 
No. 83323 Volupettor, Chrome finish $7.25 8.00 


“STAND-OROS” SIPHON - ALCONOX - 


e THE SUCKING PIPE e 


Outperforms all other 
Laboratory Detergents! 


AA 
PRESS RUBBER BALL— E> 
SIPHON WORKS 


FAULTLESSLY! 


Although there are many 
various types of siphons 
on the market, you will 
find that none can com- 
pare with the “STAND- 
OROS" siphon for safety, 
simplicity and ease 
operation. 


The “STAND-OROS” 
siphon consists of a 60 ECONOMICAL TOO... 


sass inch length of special flexi- 
ble rubber pipe having an internal diameter of 10 mm, a black rub- Costs less than 21 cents per gallon of active cleanser. 


ber bulb for creating suction, and a hard rubber spout with faucet. CLEANS THOROUGHLY... 


SIMPLE TO OPERATE and safely all laboratory glassware, surgical instruments, por- 


Simply insert rubber into carboy or tank, close faucet and the rubber i 
eating scion, ten open the faucet snd the wil | Plastic, rubber and metal equipment. 


BECAUSE... 


Here, in one compound you have 
a completely balanced and homo- 
geneous blend of the finest cleansing 
agents that modern science has yet 
produced. 


RECOGNIZED AND ACCEPTED . . . 
The fifteen years by leading laboratories, hospitals, clinics 
various uses. Specify type by color when ordering. industry. 
1. Black tubing, black balli—For use with benzine, gasoline, oil and light 
White tubing, black ball—For acetic acid to 50%, sulfuric acid to 50% 
3. Red tubing, dlack ball—Used for dispensing water, alcohol, wine, etc. Cateae? 12 boxes of 3 16.....0000cccccsovcvesd ea 18.00 
Avoids loss during the filling process, is safe while in use and is easy to manage. Ib 40 
Less 10% in dozen lots. A Se Ib 31 
Visit our Booth No. 731 at Commercial Museum and Convention Hall, Phila., Pa.—Nov. 30th to Dec. Sth f 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street e New York 12, N. Y. 


LABORATORY APPARATUS — REAGENTS AND CHEMICALS 
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In 1937, eleven Polarographs were known to be 
located in the United States. Today there are 
many hundreds of Sargent Polarographs in use— 
employed for a wide variety of purposes. 

From Australia to Sweden, and all over Amer- 
ica, Sargent Polarographs are constantly at work 
for the progress of science. 


Dozens of users have more than one Sargent 
Polarograph working for them. One industrial firm 
alone has already obtained sixteen. 


Of the hundred universities, colleges and 
research institutes employing Sargent Polaro- 
graphs, one operates seven and over twenty uni- 
versities use two or more. The United States Gov- 
ernment has already placed more than forty in 
service. 


The Sargent Polarograph’s uses are varied 


1. For the routine analysis of non-ferrous alloys and 
ores when determining minor constituents including 
copper, lead, cadmium, zinc, manganese, iron and cobalt. 

2. For the routine determination of lead, copper, nickel, 
manganese and cobalt in ferrous alloys. 


3. For the analytical of baths, notably in. 


the field of precious metals 


SARGENT 


SARGENT 


POLAROGRAPH 


Trademark Reg. U.S. Pat. Off. 


MODEL XXI Visible 
Chart Recording 


Indispensable 
Chemical Facility 


Many Uses... Many Users 


4. For trace metal measurements in food products, in 
body fluids and in petroleum products. 

5. For the analysis of source materials and processed 
products for a variety of hormones and vitamins. 

6. For the identification and estimation of numerous sub- 

stances of nutritional and biological regulatory func- 

tion, supporting or replacing biological assay. 

For the determination of halides and sulfate groups by 

titration with a polarized electrode. 

For the analytical measurement of innumerable organic 

compounds containing reducible groups. 

For specific industrial controls such as the estimation 

of aldehydes in alcoholic products, the quantitative 

differentiation of sugars and the control of aging qual- 

ity in sugars. 

10. For the measurement of dissolved oxygen, oxygen de- 

mand and metal ions in water and sewage. 
11. For many uncommon analyses for which classical pro- 
cedures are unavailable, less accurate and slower. 

12. For the investigation and control of commercial reduc- 

tion processes. 

For thermodynamic investigations relating to states of 

ionic aggregations, mobilities and diffusion rates, solu- 

bilities, reaction rates and equilibrium constants. 


For a complete description of the Sargent Polarograph 
Model XXi, write today. 


7 


9. 


$-29303 POLAROGRAPH—Model XXI Visible 
Chart Recording, Sargent. For operation from 115 
Volt 50/60 cycle circuits $1875.00 


NEW SARGENT CATALOG 
— Now avaitnBLe 


SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
DALLAS 9, TEXAS 


MICHIGAN DIVISION, 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, 
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REALM OF CHELATE CHEMISTRY 


This new and freshly minted coin is your passport 
to the realm of chelate chemistry. Because it bears 
the basic formula that gives precise control over 
trace metal excesses or deficiencies, it can be spent 
to solve the problems caused by these conditions. 
It is true “coin of the realm” with power limited only 
by the imagination and ingenuity of the spender. 


VERSENE® CONTROLS TRACE METALS 


Chelate chemistry and the Versenes (powerful che- 
lating agents) are moving faster now. These new 
weapons are being used to attack and overcome all 
kinds of trace metal troubles ranging from microbial 
nutrition to soap and textile processing. Stemming 


16 


COONa 


from laboratories everywhere, their applications 
now extend into all kinds of industry, agriculture 
and medicine where chemical formulations or proc- 
essing are involved. 


AT YOUR SERVICE — THE VERSENES® 


When you have a serious chemical problem or an 
interest in the control of metallic ions in solution, 
please call on the Versenes. Unduplicated in quality, 
these powerful chelating agents are guaranteed for 
uniformity of complexing power. Made only under 
patents and processes originated and developed by 
F. C. Bersworth, they are exceptionally stable at 
high temperatures throughout the pH range. Write 
Dept. L for Technical Bulletin No. 2 and samples. 
Chemical counsel for special problems. 


BERSWORTH CHEMICAL CO. | 


FRAMINGHAM, MASSACHUSETTS 
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KEEPING PACE with the growing use 
of chromatographic analysis as an important re- 
search tool, SCHAAR and Company is ready to 
serve you with a complete range of the finest 
equipment and accessories used in the chro- 
matographic method. 


CHROMATOGRAPHY CABINETS 


provide the laboratory with maximum dependability, ac- 
curacy and convenience in obtaining chromategrams by 
either the ascending or descending technique. Engineered 
and constructed to meet your most exacting requirement, 
with stainless steel interior, triple-pane insulating windows, 
and many other features. 


CHROMATOGRAPHY JARS 
PAPER SUPPORT RACKS 
ULTRA-MICRO PIPETTES 
SOLVENT ASSEMBLIES 

CHROMATOGRAPHY CLIPS 
INDICATOR SPRAY BOTTLES 
WHATMAN FILTER PAPER 
CHROMATOGRAPHIC TUBES 

CHROMATOGRAPHY DRYING OVENS 

ULTRA-VIOLET LAMPS 


FOR COMPLETE DETAILS, 
WRITE FOR BULLETIN LO-953 TODAY! S, 


SCHAAR and COMPANY 
Complete Laboratory Equipment 


754 W. Lexington St. Chicago 7, linois 


(0. 
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Let's talk vacuum 
in your plant! 


HERE’S THE BIG 
KINNEY PUMP LINE 


Single Stage 


Model DVH 27.20.34 1800 CFM 
Model DVM 18.14.20 780 CFM 
Model DVD 14.14.18 486 CFM There’s a qualified Kinney Vacuum Engineer in your region, 
Model DVD 14.9.18 311 CFM ready to talk vacuum in your plant. Call on him. See how the BIG 
Model DVM 12.8.14 218 CFM 
Model DVD 8.8.10 110 CFM 


LINE . .. the Kinney line of vacuum pumps can be profitably used 


Model VSD 8.8.11 52 CFM in exhausting lamps and tubes, freeze-drying pharmaceuticals and 
Model VSM 7.7.8 27 CFM antibiotics, vacuum metallizing, vacuum production of titanium 
Model VSM 5.5.6 13 CFM and other miracle metals, vacuum fumigation and impregnation — 

and in the countless other ways vacuum serves industry today. 
Compound Kinney Manufacturing Co. — manufacturers of vacuum and liquid 
Model CVM 8.6.10 46 CEM pumps. Boston, New York, Chicago, Detroit, Cleveland, Atlanta, 
Model CVM 5.5.6 15 CFM Pittsburgh, Philadelphia, Los Angeles, Charleston (W. Va.), Hous- 
Model CVM 3534 * 5 CFM ton, New Orleans, San Francisco, Seattle, and foreign countries. 
Model CVM 3153 2 CFM 


NEW MECHANICAL 
BOOSTER PUMP 


Model MB 1200. 


S £2 GAS BALLAST “Clean” vacuum... 


\ when applicable — extremely high pump- 
All sizes of Kinney ing speeds (1000 CFM at 10 mi- 
Vacuum Pumps can crons) . low power (15 HP) ..- 

equipped with gas ballast to particularly suited for metallur- 

assist in your water-oil contami- gical processes where large 
nation problems. volumes of gases are liberated. 


FOR DETAILS WRITE KINNEY MANUFACTURING CO., 
3605 WASHINGTON ST., BOSTON 30, MASS. 
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At left above: rectified ripple before filtering; 
tight: output ripple, full load—voltage never 
falls below decomposition potential. 


Use of hollow electrode permits control of 
gas and liberation at bottom of electrode, 
giving any rate of agitation desired. 


aloe scientific DIVISION OF A. S. ALOE COMPANY + 5655 Kingsbury, St. Louis 72. Mo. 


Los Angeles 15 San Francisco 5 Seattle 1 
1150 S. Flower St. 500 Howard St. 1920 Terry Ave. 
Minneapolis 4 " Kansas City 2 Fs New Orleans 12 F: Atlanta 3 
927 Portland Ave. 4128 Broadway 1425 Tulane Ave. 492 Peachtree Si., N. E. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


and gas conducting (CO, or other inert gases) electrode. Agitation is 
accomplished by causing gas flow to be directed through anode, where 
the bubbles emerge from the bottom of the eletrode and pass upward 
over the convex lower surface. This imparts a whirling motion to the 
gas bubbles and exerts a scouring action upon electrode surface, remov- 
ing oxidizing gases. Eliminates spongy deposits; lowers internal resist- 
( ance of cell system, and minimizes over-voltage effects. 


Variable Transformer Control in Primary Circuit 


Makes use of a variable transformer control in the primary circuit, 
giving a smoother control of current delivered through electrodes than 
a resistor. There is no power loss due to heat dissipation. Output from 
full-wave, bridge-type selenium rectifier is passed through inductance 
capacitance filter with inductance input. This filter, employing 4000 
microfarads of capacitance and 1 ‘100 henry of inductance, is designed 
to reduce ripple voltage to 1.20°.,, or .060 V. By filtering output of 
selenium rectifier, ripple voltage is reduced, so that instantaneous elec- 
trode voltage never falls below decomposition potential, and time of 
electrolysis is shortened. The Notvest Electro-Analyzer contains a com- 
plete power supply, control system, and filter for each of stations employed 
in unit. Designed so that several units may be easily hooked together 

. electrically in parallel, employing a single connection to the power outlet. 
The gas flow may be arranged by means of a manifold. 


Complete information will be supplied on request. 


Washington 5, D.C. 
1501 14th St., N. W. 
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New Patented Design Employs Exclusive Anode Principle 
Based on the original design principle of Mr. Robert W. Notvest, chief 
chemist, National Bearing Division, American Brake Shoe Company, 
this instrument employs an anode unit which is a combination current 
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ongmans Books | 


Shown at the American Chemical Society Meeting 


General ADVANCED TEXTBOOK ON INORGANIC CHEMISTRY F 
Chemistry: By E. de B. Barnett, and C. L. Wilson. 1953. 512 pp. $7.00. 


Organic ORGANIC CHEMISTRY 
Chemistry: = By I. L. Finar. 1951. 696 pp. $7.50. 


ORGANIC CHEMISTRY 
By E. E. Turner and M. M. Harris. 1952. 904 pp. $10.00. 


PRACTICAL ORGANIC CHEMISTRY 
By Arthur Vogel. Second edition. 1951. 1033 pp. $10.00. 


| Physical SHORT GUIDE TO MODERN VALENCY THEORY 
Chemistry: = By G.I. Brown. 1953. 175 pp. $2.50. 


INTRODUCTION TO PHYSICAL CHEMISTRY 
By A. Findlay and H. W. Melville. Third edition. 1953. 596pp. $5.50. 


LINEAR POLYMERS 
By E. M. Frith and R. G. Tuckett. 1951. 352 pp. $3.50. 


ADVANCED TREATISE ON PHYSICAL CHEMISTRY 


By J. R. Partington. In Six Volumes. Volume III, Properties ot Solids. 
1952. 693 pp. $14.00. (Volume IV, Optics and Dielectrics, ready Dec. 
About 700 pp. About $12.00.) 


Biochemistry: BIOCHEMISTRY IN RELATION TO MEDICINE 


By C. W. Carter and R. H. S. Thompson. Second edition. 1953. 544 pp. 
$6.00. 


Reference: SHORT GUIDE TO CHEMICAL LITERATURE 
By G.M. Dyson. 1951. 144 pp. $2.00. 


DICTIONARY OF SCIENTIFIC AND TECHNICAL WORDS 
By W. E. Flood and M. West. 1952. 397 pp. $3.00. 


DICTIONARY OF APPLIED CHEMISTRY 


By J. F. Thorpe. Fourth edition. In Twelve Volumes. Volume X, Plagio- 
claseto Sodium. 1950. 913 pp. $20.00. (Volume XI, Soil to Zymurgy, 
ready Dec. 926 pp.) 


Longmans, Green and Tue. 


55 FIFTH AVENUE NEW YORK 3, N. Y. 


20 JOURNAL OF CHEMICAL EDUCATION, NOVEMBER, 1953 § P 


at ‘ 
| 
=, Var A) 


TEST TUBES—Well an- 
nealed, with uniform, sub- 
stantial walls to insure 
against breakage. Heat 
resistant, chemically stable. 


safety is important in 
laboratory glassware, too 


The rabbit is a wily creature. When he selects a home, he makes 
sure that it will be.safe from his enemies. 

Experienced laboratory instructors are mighty careful in select- 
ing laboratory ware, too. They know, for example, that PYREX 
brand laboratory glassware assures maximum safety, even to the 
most inexperienced students. They know that they get a plus 
value, too—real lasting economy. 

There are two reasons for this: First, the durability of famous 
PYREX brand glass No. 7740, itself. Second, the functional 
design of test tubes, condensers, cylinders, funnels and other items 
in the PYREX ware line. All are designed to place strength where 
needed most. Firepolished rims, reinforced, seals and heavy con- 
struction reduce breakage. 

Why settle for less than the safest, when it is also the most 
economical laboratory ware you can buy? Call your laboratory 
dealer today. He stocks the complete line. 


GRADUATED CYLINDERS 
— Designed for utility. 
Sturdy hexagonal base 
provides extra stability, 
prevents rolling if cylinder 
is laid on side. Reinforced 
rim reduces breakage. 


PYREX BRAND FUNNELS—All kinds— 
fluted, plain, long stem, short stem, 
big diameter, small diameter, and 
stemless, all ruggedly fabricated from 
the heavy beaded tops to the fire- 
polished tips. 


® 


the laboratory glassware that gives you economy, accuracy, durability 


CORNING GLASS WORKS, Corning, New York 
24 meant research ie Glatt 
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Not just a new package design — the STORMOR® bottle is an 


Mallinckrodt worked with glass industry engineers for more than a year to 
design the STORMOR bottle. It had to be easier to handle, easier to use, 
better for storage and as strong as conventional round bottles. It had to 
provide maximum flowability. Concave sidesyhad to be designed for easier 
handling. The most legible label in the laboratory chemical field was further 
improved. Finally, to be absolutely certain that the STORMOR bottle would 
help in the laboratory, independent chemists used Mallinckrodt Analytical 
Reagents in “STORMORs” in their laboratories. They liked the feel of 

the bottle; they appreciated the space it saved; it added to the modern 
appearance of the laboratory; they reported: “Jt is the most helpful advance in 
reagent packaging in many years.” Today Mallinckrodt Analytical Reagents 
in STORMOR bottles are standard laboratory equipment throughout the 
country. Sharp increases in sales leave no doubt of this. Now you can have the 
unsurpassed purity and dependability of Mallinckrodt AR’s* plus the 

added advantages of the STORMOR bottle. 


*Trode Mork 


Concave sides fit your hand. . . With ‘‘STORMORs” you can put five bottles on your 
the STORMOR * in the same space occupied by four equivalent 


bottie is easier to open ‘ round bottles...A 25% INCREASE IN SHELF CAtm 
Ask your dealer — and dispense from. * Ae 


he has “STORMORs” in 


many 1 Ib. and % Ib. sizes, 


excluding liquids. 


- 
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F. W. 40.00 
MEETS A. C. S. SPECIFICATIONS 
Maximum Limits of Impurities 


otties Om Shape keeps the bottle trimly facing front — A good label has been further improved; F ~~ Uniform botties In neat rows 
r equiva _ can’t rotate and hide the label increased legibility makes possible improve the appearance of your shelves: 
IN as round bottles do.  gurer selection from a line of Bottles. 


ALUMINUM 
AMMONIUM SULFATE 


THIOCTANATE ANALYTICAL REAGENT 
= 


4 ‘ (453.6 g.) 7108 1 LB. 
| 
ATI HCLEVELANG LOS ANGELES. = PHILADELPHIA SAN FRANCISCO MONTREAL TORONTO 


* Safety Screen Over Tempered Glass 

Heavy wire mesh protective screen over rugged 
tempered Pyrex door window insure safe visi- 
bility. 

* Adjustable Dial Type Thermostat on 

Front Panel 

All controls are located where the operator 
can see and use them with minimum of lost time. 


* Door Swings Up and Out of Way— 
Better Seal 


* Vacuum Valves 

Nickel plated vacuumneedle valves withserrated 
hose connections. One valve for vacuum and 
one for dry air or gas flushing. 


* Ruggedly Built—Designed To Last 


Vacuum Chamber—Special Welded 
Steel Construction 


* Wall Heat Infra-Red Completely 

Surrounds Cham 
This more efficient heating method eliminates 
eiectrical connections inside the chamber. 


* New Type Laminated Insulation To 
Minimize Heat Loss 


* White Interior—Finished With Special 
High Temp Catalyst Paint 


* Unique Heater 

New type woven heating element contains 
close to 700 feet of resistance wire to bring 
wattage density to an absolute minimum. 


Loading Space 
740 cubic inches—all usable. 


* Ya-Inch Thick Neoprene Door Gasket— 
Self Seating 


* 2-Inch Thick Glass Wool Insulation 
Completely Surrounds Chamber 


* All Controls On Front Panel 


SPECIFICATIONS 


Over-all size 12” wx 17” dx 15"h 

Working chamber 8’ wx 15’ dx7"h 

115 V, 60 cycle, AC, 650 watts, Single phase 
Exterior lug for grounding 

Temperature range Room to 125 degrees C. 
Finish silver gray hammerloid 


INFORMATION FOR ORDERING 


H-52829—Vacuum Oven Complete with 3” 
diameter standard vacuum gauge, one ex- 
panded metal shelf equipped with thermome- 
ter bracket, two valves, rubber feet, neon pilot 
light, line switch, two-wire cord and plug. Net 
weight, 37 Ibs. Price—$155.00 


The Forma-Vac Model V was designed from scientific field surveys. Before 
work was started on this new vacuum oven full consideration was given to 
safety and to delicate drying operations conditioning and annealing prob- 
lems and many other utility drying operations. 


It is considered to be of prime importance from the safety standpoint that 
the heating elements are located outside the vacuum chamber. Of course, 
this accomplishes the factor of “cleaning up” the vacuum chamber to give 
more usable space as well as greater uniformity of heating. The entire 
chamber wall acts as the heater for the inner chamber area. Over 475 
square inches of actual heating surface with the low wattage density factor 
completely eliminates any “hot spots” insuring chamber temperature uni- 
formity, optimum control and stability. 


By the most critical standards and rigid safety requirements of certain large 
research organizations there is nothing better, stronger, and safer than 
Corning’s tempered Pyrex glass. The Forma-Vac utilizes a one-half inch 
thick plate of this glass enclosed in a special cast aluminum door. This door 
is swung upright on the new easy-view sloping front for the purpose of saving 
table space so that when the oven is open the door is up and out of the way. 
This also enables the user to adapt the oven for ordinary heating problems 
when vacuum is not required. When door is swung down into position it 
naturally closes the chamber without necessity of catches or latches to hold 
it in place. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 


CLEVELAND 6, OHIO 


JOURNAL OF CHEMICAL EDUCATION, NOVEMBER, 1959 


oe COMPLETELY SAFE VACUUM OVEN 
e 
e 
4 
e 
e 
bd 
e 
e 
bd 
: 
: 
: 
Texas 
el Hous Row 
ine: St. les 24 
| Cincinnati 13 re) Los ArSGarfeld Ave- 
55 Wiehe | HARS 3237 AB, Pa 


REAGENT CHEMICALS 


Matheson, Coleman & Bell Reagent Chemicals 


include practically all of the items used in 


research and analytical work. The Reagent 
Inorganic Chemicals carry upon the label a 
statement showing the maximum limits of im- 
purities allowed. The Reagent Organic Chemi- 


nat 


cals are manufactured to pass the specifications 

shown in our price list. In addition to Reagent 
Mary 

Inorganic and Organic Chemicals we offer 


many items of U. S. P., N. F., Practical and 


2ys. Before 
Is given to Technical quality. 
ling prob- 
{point that 
wiles Complete stocks of MC&B items are carried at our East Ruther- 
er to giv 
The entire ford and Norwood plants and are available either through your 
Over 475 
sity factor laboratory supply dealer or from the East Rutherford or 
‘ature uni- 
Norwood offices. 
rtain large 
safer than 
>-hallf inch Our new catalog listing 3911 Reagent Chemicals, f 
This door And... as always... 
> of saving Biological Stains, Chemical Indicators and THE MATHESON CO. 
th y. . 
Solutions will be sent to you upon request. 
ition it 
ia to hol COMPRESSED GASES and 
GAS REGULATORS 


BER, 1983 | Please mention CHEMICAL EDUCATION when writing to advertisers 


oA, | | 
—— 
= EAST RUTHERFORD, NEW JERSEY § NORWOOD (CINCINNATI), OHI 
25 


(CAPA AG 


4. Exeellent Chemistry texts for 
your adoption consideration .... 


Practical 
Organic Chemistr; 


WERTHEIM 


Gero’s BIOLOGICAL CHEMISTRY (An Introduction to Biochemistry) 


By ALEXANDER GERO, Ph. D., Hahnemann Medical College, Philadelphia. This NEW biological chemistry text 
bridges the gap between the standard one-year college organic chemistry course and physiological chemistry in medical 
school. It also covers the following special topics which do not appear in the general biochemistries now available: 
Physical Chemistry—Electronic Theory—Optical Activity—Heterocycles—Relation of Chemical Structure to Physio- 
logical Activity—Research Methods and Some Syntheses of Important Compounds. 380 Pages; Well Illustrated.$5,00 


Cavelti’s INTRODUCTORY GENERAL CHEMISTRY 


By JOHN E. CAVELTI, Ph.D., Allegheny College. This is a short, general chemistry designed to hold and stimulate 
student interest—from the story of how the word “atom” was coined, to the final challenging problem. It presents 
chemical principles and their applications in everyday living in an easy, colorful style. The historical background of 
chemistry is woven throughout the 26 chapters. Each chapter is cone ‘luded with a list of discussion topics, and sug- 
gestions for reading. Problems are found in the appendix. 423 Pages; 50 Illustrations; 9 Tables............ $4.50 


Brescia’s GENERAL COLLEGE CHEMISTRY 


By FRANK BRESCIA, B.S., M.A., Ph.D., City College of New York. The range of subjects presented in this text 
makes it adaptable to the requirements of students preparing for various careers. It develops conclusions rather than 
merely presents them. Full chapters are devoted to nuclear chemistry and colloidal chemistry. The large number of 
illustrative examples helps the student to overcome one of the great difficulties in freshman chemistry—chemical arith- 


Wertheim’s NEW PRACTICAL ORGANIC CHEMISTRY 


By EDGAR WERTHEIM, Ph.D., University of Arkansas. This manual is the short version of the author’s LABORA- 
TORY GUIDE FOR ORGANIC CHEMISTRY. It contains a selection of the 103 experiments in the larger book 
most used by teachers and was made on the basis of a survey of organic chemistry courses throughout the country. As 
in the larger edition, this text was designed for students majoring in chemistry and for those following the engineering or 
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Techniques of X-ray and electron diffraction have made it possible to determine internuclear 
distances. This information correlated with the knowledge of chemical behavior makes pos- 
sible a consistent tabulation of sizes of atoms and ions. This material was first presented in 
the Journal of Chemical Education, Volume 23, Page 525, November 1946, by Professor J. A. 
Campbell of Severance Chemical Laboratory, Oberlin College, Oberlin, Ohio. He has tabu- 
lated these atomic and ionic radii pictorially in this chart. 

The black and white illustration does not do justice to this splendid chart—color differentia- 
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Wir the support of the Ford Foundation, Lafayette 
College recently undertook a “Self-study,’’ the purpose 
of which was to analyze the College’s particular educa- 
tional problem and, among other things, to revamp its 
curriculum for the Bachelor of Science degree. The re- 
port of the Commission on Careers in Science, one of 
the agencies which conducted the investigation, was 
brought to our attention a short time ago. 

One part of the study consisted of a questionnaire to 
the personnel directors of a large number of industrial 
concerns employing chemists. These men were asked 
to comment upon the training of recent graduates, to 
point out any deficiencies observed, and to suggest how 
such deficiencies might be avoided by curricular 
changes. The thirty-three replies were obviously made 
with great care, and represented the considered opinion 
of highly qualified experts. 

The result that is most interesting, however, is that 
these opinions were more critical of the attitudes of recent 
graduates than of their formal training. To quote from 
the report: 


The present generation of college graduates who have lived all 
of their lives in an economy committed to a “from-cradle-to- 
grave’’ philosophy are condemned in no uncertain fashion for 
their lack of willingness to work or to accept responsibility, for 
their disregard of punctuality and even for their suspicion of the 
profit motive of our capitalistic system. It is said that as a group 
they are more concerned about automatic salary increases and 
social security benefits than they are in giving an honest day’s 
work for an honest day’s pay. 


Doubtless, this is something which no doctoring of 
the curriculum will cure. It may even be something 
for which the college is not really to blame, an epidemic 
of this day and age. Nevertheless, it emphasizes a fact 
of great importance: that the most potent influences in 
a student’s college experience are often intangible ones, 
not the direct result of attending classes or reading 
books. The physical and spiritual conditions under 
which students live together, the things they talk about 
among themselves, the traditional living and working 
““code”’ of the school, the fads and fashions of the time— 
these often determine the imprint of college days more 
than does the sequence of a student’s classes and pro- 
fessors. 

The unfortunate thing is not that deans, professors, 
and advisors cannot often control these intangibles, but 
rather that they seldom even take an inéerest in them. 

But another and more tangible deficiency of recent 
graduates is mentioned: 


Practically unanimous criticisms which more properly belong 
on the doorstep of the colleges are the charges that recent gradu- 
ates can “neither read nor write’’ and that they cannot think in 
logical fashion, much less present ideas in writing or orally. The 
unanimity of these criticisms destroys any doubt as to their 
reality, and this Commission has devoted much thought in an 
effort to find corrective curricular changes. It is conceded by 
most sources that these difficulties stem back to grade and high 
schools, but the colleges must do more to alleviate the condition 
than merely to attempt to put more pressure on the secondary 
schools. This would seem to be the number one academic prob- 


- lem facing the colleges today. 
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e SOME UNSOLVED PROBLEMS OF LIQUIDS 
AND SOLUTIONS' 


Over the years we have accumulated a large amount of 
useful information about liquids and the extent of this 
information is growing daily. However, most of our 
knowledge consists of a vast quantity of experimental 
data on the properties of liquids (e. g., heat capacity, 
vapor pressure, viscosity, surface tension, free energy, 
entropy, heat of vaporization, heat of fusion, etc.) 
Much of this has been correlated in the form of empirical 
equations which are extremely useful in practice and 
for which, in many cases, there is some qualitative, 
theoretical explanation. Nevertheless, we still have 
no simple unified molecular picture of liquids, even an 
idealized one, comparable to the kinetic theory of gases 
or the ordered crystal lattice of solids. 

The model which has led to such striking results in 
the kinetic molecular theory of gases consists, essentially 
at least, of mathematical points which do not interact. 
That is to say, we assume that the attractive and re- 
pulsive forces between molecules are non-existent or at 
least negligible at all distances of interest. Real gases 
do have intermolecular forces, attractive forces which 
ultimately lead to condensation, and repulsive forces 
which prevent us from compressing a gas indefinitely; 
it is only occasionally that two molecules are close 
enough to significantly affect each other’s behavior. 
Consequently it is not difficult to describe the behavior 
of real gases at moderate pressures with small correction 
factors added to the ideal gas equation, correction fac- 
tors which, while originally empirical or based upon too 
naive a theoretical model (e. g., the van der Waals 
equation of state), are now quite well understood. For 
example, we may express the behavior of gases by the 
so-called “‘virial equation of state’’: 


PV/RT = 1+ B/V + C/V? + D/V? +... (1) 


in which the second virial coefficient B can be defined 
quite rigorously in terms of the interaction between an 
isolated pair of molecules, and the coefficients of higher 
terms in the series, C, D, etc., represent interactions be- 
tween groups of three molecules, four molecules, etc., 
respectively.” 

Intermolecular forces are always important in con- 
densed phases but in solids their influence has imposed 
a regular repeating structure. Consequently we can 
calculate the properties of an ideal crystal lattice in 


1 Based upon a talk given at the Pacific Southwest Regional 
Meeting of the American Chemical Society in San Diego, May 10, 
1952. 

2 See, for example, Mayer, J. E., anp M. G. Mayer, “Statis- 
tical Mechanics,” John Wiley & Sons, Inc., New York, 1939. 
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which the atoms execute harmonic motions around their 
equilibrium positions, the lattice points, and we can ex- 
press the properties of real crystals as deviations from 
certain limiting laws for the ideal crystals. An example 
of the success of this approach is the theory of the heat 
capacity of solids, first in the use of classical statistical 
mechanics to deduce the law of Dulong and Petit and 
later in the quantum theories of Einstein and Debye.’ ! 

Liquids, however, fall into a disagreeable no-man’s 
land between these two limiting cases. Intermolecular 
forces cannot be disregarded since all molecules have 
close neighbors but there is only a local short range order 
in an over-all anarchy. Consequently it is not sur- 
prising that early workers, finding themselves faced 
with an extremely complicated situation, either moved 
to more promising fields or confined themselves to crude 
qualitative explanations, some of which have had to be 
abandoned or greatly modified later. Current theories 
of the liquid state almost invariably start with the per- 
fect gas or the ideal crystal, and consider the liquid 
either as a highly compressed gas® or as a somewhat 
mussed-up solid,® or sometimes as a mixture of these 
two.” In view of the tremendous extrapolations in- 
volved in going from these artificial models to real liq- 
uids, it is rather surprising that these treatments have 
had any success at all. Some of them have in fact, at 
least superficially, given a rather good representation 
of some of the properties of liquids. The rocks on 
which most of these theories are shipwrecked, however, 
involve equilibria between the liquid phase and the 
gas or the solid. The “compressed gas” liquid is hard 
to distinguish from a phase which 7s merely a compres- 
sed gas and it is hard to be sure the ‘“mussed-up”’ solid 
has passed through a transition that involves melting 
and is not actually a solid. 

Of course no one should be left with the idea that in- 
sofar as liquids are concerned we are still in the dark 
ages of science. As we have said, there are many quali- 
tative concepts and semi-quantitative theories which 
have proved very useful. Nevertheless, we are still 
occasionally brought up short with the realization that 
these ideas have very serious limitations and a recog- 

3 ErnsteIn, A., Ann. Physik, [4] 22, 180, 800 (1907); 34, 170, 
590 (1911). 

4 DesyE, P., ibid., [4] 39, 789 (1912). 

> GuGGENHEIM, E. A., Proc. Roy. Soc. (London), A135, 181 
(1932). 

6 Mig, G., Ann. Physik, [4] 11, 657 (1903); Frenxel, J, 
“The Kinetic Theory of Liquids,” Oxford University Press, 
London, 1946. 

7 Water, J., aNp H. Eyrine, J. Chem. Phys., 9, 393 (1941). 
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nition of how much there is yet to learn and under- 
stand. 
VAPOR PRESSURE-TEMPERATURE RELATIONS 


For example, we are all familiar with the approximate 
vapor pressure equation 


B 
T (2) 


log pp = A — 

in which the logarithm of the vapor pressure is a straight 

line function of the reciprocal of the absolute tempera- 

ture. In an elementary physical chemistry course we 

expect our students to learn a derivation of this relation 

from the exact thermodynamic equation of Clapeyron: 
dp _ AH 

dT ~ TaV (3) 


In this derivation we make three approximations: 
(a) the molar volume of the liquid is negligible compared 
with that of the vapor, certainly valid at low tempera- 
tures where the vapor pressure is low and the molar vol- 
ume of the vapor is correspondingly large; (b) the 
vapor behaves like a perfect gas, again certainly valid 
at low temperatures where vapor pressure is low; 
(c) the heat of vaporization is a constant independent 
of the temperature, never exactly true but very nearly 
so at low temperatures. From the nature of these ap- 
proximations it is obvious that there are conditions of 
temperature and pressure where they should fail and 
fail badly. Consequently, we would expect to find 
extensive discussions of the modifications which have 
to be made in equation (2) at higher temperatures. 
Actually, however, we seldom examine these limitations 
because we find no large deviations which require ex- 
planation. 

It is a remarkable fact that when log p is plotted 
against 1/7’, we obtain a line which deviates little from 
a straight line over the entire liquid range—from the 
triple point to the critical point. Figure 1 shows the 
data of Meihuizen and Crommelin for the vapor pres- 
sure of krypton.’ We find a straight line not only below 
a pressure of about three atmospheres where we expect 
approximations (a), (b), and (c) to be applicable but 
almost within experimental error (a maximum devia- 
tion of only 2 per cent of the pressure) clear up to the 
critical point—where the molar volume of the liquid 
becomes equal to that of the vapor, where the vapor is a 
very imperfect gas (the critical pressure is 54 atmos- 
pheres), and where the heat of vaporization not only 
doesn’t remain constant but approaches zero as the 
temperature approaches the critical temperature. 

Nor is this behavior confined to a few liquids like 
those of the rare gas elements. Figure 2 is a similar 


_ Vapor pressure graph for water which, in spite of the ex- 


tensive hydrogen bonding which makes it a far from 
“normal’’ liquid, shows much the same behavior—a 
nearly straight line from the triple point to the critical 
point. Looking at equation (3) we observe that both 
AH and AV approach zero as we approach the critical 


Metnutzen, J. J., C. A, CRomMELIN, Physica, 4, 1 (1937). 


VAPOR PRESSURE of KRYPTON 
(Meihuizen & Crommelin, 1937) 
triple pomt 
5 6 7 8 
1/T (x10") 
Figure 1 


point, so we might say that the straight line remains 
because of a “compensation of errors,’’ but unless we 
are satisfied with this cliché, we must ask ourselves why 
these two factors are so precisely compensating, a ques- 
tion to which there is no known answer. 


CRITICAL PHENOMENA 


We might find a clue to the solution of this first prob- 
lem if we had a better understanding of critical phe- 
nomena. Our elementary textbooks still discuss and 
most of us still teach the classical van der Waals picture 
of the continuity of the liquid and vapor state. We 
show how the critical point may be defined (for any 


6 
Sr 4 
al 
a 
o 
2 
VAPOR PRESSURE OF H,O 
triple point 
3 4 
VTxio73 
Figure 2 


analytical equation of state) by setting the first and 
second derivatives of pressure with respect to volume 
simultaneously equal to zero. We still do this in spite 
of the fact that evidence has been accumulating for 
more than half a century that this classical picture does 
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not give an adequate interpretation of the observed 
behavior of liquids in the region of the critical point. 
Any satisfactory theory will have to explain (a) the 
very nearly flat character of the P-V isotherms at 
temperatures just above the critical, (b) the nearly 
flat shape of the coexistence curve (phase boundary) in 
the region of the critical temperature, and (c) the ap- 
parent non-homogeneity of a ‘‘one-phase’’ system at 
temperatures slightly above the temperature 7’, at 
which the meniscus disappears. The first of these fea- 
tures is evident in the isotherms for carbon dioxide 
shown? in Figure 3. As for the shape of the coexistence 


P (atmospheres) 


4 
0.003 0.003 0.005 0.006 
(Amaget units) 


Figure 3 


curve, Guggenheim! has shown that the temperature- 
density curves of A, Kr, Xe, Ne, O2, CO, and CH, fit a 
cubic formula with surprising accuracy over a large 
range of temperatures (from 7’. down to as low a tem- 
perature as 0.65 7’), 


T. —T — po) 

T. 
where 7’, and p, are the critical temperature and den- 
sity respectively and p; and p, are the conjugate densities 
of the coexistent phases—liquid and gas. This simple 
equation has not yet been derived from any theory; in 
fact it can be shown! that any classical theory such 
as that of van der Waals must give an equation in 


which the exponent of the term in brackets is two rather 
than three. 


MicHELs, A., B. BuaissE, AND C. Micuexs, Proc. Roy. Soc. 
(London), A160, 367 (1937). 

10 GUGGENHELM, E. A., J. Chem. Phys., 13, 253 (1945). 

11 For the proof of this statement see Fowier, R. H., anp 
E. A. GuacenHEm, “Statistical Thermodynamics,’’ Cambridge 
University Press, New York, 1939, pp. 316-8. 
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The inhomogeneities existing after the disappearane 
of the meniscus are difficulties of long standing. ) 
1881 Cailletet and Hautfeuille!? observed that when jo. 
dine was heated in a sealed tube under an atmospher 
of an inert gas (carbon dioxide) the color of iodine vapor 
persisted in the region of the tube in which the liquid 
iodine had been prior to the disappearance of the inter. 
face between the liquid and vapor phases, and that 
this inhomogeneity persisted for lengths of time much 
greater than those usually associated with the attain. 
ment of equilibrium in gaseous diffusion processes, 
More recently Maass and co-workers!* have made ex. 
haustive studies of ethylene in the region of its critical 
point and have found anomalous heat capacities, in- 
homogeneities in density, and many other features all 
of which depend to a greater or lesser extent on the pre- 
vious history of the sample. That is to say, cooling 
curves differ markedly from heating curves; the den- 
sities of various regions depend upon the location of the 
liquid phase before the meniscus disappeared, etc. 

In the extensive theoretical studies of condensation 
phenomena by Mayer and co-workers" starting in 1937, 
two temperatures are defined by two apparently dif- 
ferent equations; one is the classical critical tempera- 
ture 7’, at which the first and second derivatives of P 
with respect to V vanish; the other is the temperature 
Tm at which (OP/OV), at the condensation point first 
becomes zero, a temperature at which the surface ten- 
sion vanishes and the meniscus consequently disappears. 

The flat or nearly flat isotherms in this region and the 
anomalous results of Maass and others appear to fit in 
with this conclusion, and Mayer suggested that 7’, and 
Tm Were significantly difierent and that at any temper- 
ature intermediate between the two there would be 4 
range of densities for which the pressure was constant 
as in the heterogeneous two-phase region. In this re- 
gion of the P-V-T diagram, which has become popularly 
known as the “derby hat’’ region, the relative numbers 
of molecular clusters of different sizes are not uniquely 
determined by the volume; since the P-V isotherms 
are flat, the free energy of the system is constant, and 
there is no “driving force’ to produce a homogeneous 
system. 

A two-component liquid-liquid system at constant 
pressure is formally analogous to the one-component 
liquid-gas system of variable pressure. A composition 
variable (say, mol fraction of one component) replaces 
the volume (or density—which is really a “concentra 


12 Caittetet, L., AND P, HAUTFEUILLE, Compt. rend., 92, 840 
(1881). 
18 Tapp, J. S. E. W. R. Sreacte, anp O. Maass, Can. J. 
Research, 9, 217 (1933). 
McIntosh, R. L., anv O. Maass, ibid., B16, 289 (1938). 


McInvosn, R. L., J. R. Dacey, anv O. Maass, ibid., B17, | 


206, 241 (1939). 
Mason, S. G., 8. N. NaLpRETT, AND O. Maass, ibid., B18, 
103 (1940). 
Mason, S. G., anp O. Maass, ibid., B26, 592 (1948). 
4 Mayer, J. E., J. Chem. Phys., 5, 67 (1937); Maver, J. E., 
AND 8. F. Harrison, ibid., 6, 87, 101 (1938). 
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tion”), and the activity or free energy of one component 
replaces the pressure. Similar critical phenomena are 
observed, and the theory of McMillan and Mayer" pre- 
dicts a derby hat region in which the activity-composi- 
tion isotherms (a vs. x) are flat just like the P-V iso- 
therms in one-component liquid-vapor equilibria. 

Recently Zimm’* used light scattering techniques to 
determine such activity-composition isotherms for 
the system carbon tetrachloride—perfluoromethylcyclo- 
hexane (C;F\4) near its critical solution temperature. 
He found that they were very nearly flat—with much 
less curvature than classical theory predicts—but not 
exactly so. Morover he showed that the difference, 
if any, between the critical temperature 7, and the 
temperature 7',, at which the interface between the 
two liquid phases disappears, must be less than 0.01 
degree. The results of this experiment, because of its 
high precision, raised doubts as to the validity of the en- 
tire derby hat model, and the situation was left entirely 
up in the air since Zimm’s results contradicted both the 
classical theory and the most widely accepted modern 
statistical mechanical approach.!” 

Very recently Zimm!'* has offered a suggestion which 
may lead to a solution of these difficulties. It is that 
at the critical point the P-V isotherm has an “essential 
singularity.” That is, at this point not only are 
(QP/OV)»y and (0?P/OV?), zero, but all the higher de- 
rivatives (0"P/OV"), are also zero. This means that 
the isotherms, while not actually flat, are very nearly 
flat and the mathematical nature of an essential sin- 
gularity precludes any power series expansion around 
the critical point, a result which is in agreement with 
the work of Michels and Michels,!® who found that 
they could not fit the isotherms above the critical tem- 
perature by a single analytical function but had to use 
two series, one valid at densities greater than the criti- 
eal, the other valid at densities less than the critical. 

In this latest suggestion by Zimm, the temperatures 
T, and T’,, are identical and the derby hat consequently 
does not exist. However, the isotherms at tempera- 
tures slightly above the critical temperature may still 
be so nearly flat, and the free energy “driving force” 
so very small, that equilibrium may not be reached 
for hours, days, or even weeks, unless some mechanism, 
such as stirring, speeds up the process. In this view 
many of the anomalous effects reported by Maass and 
others become non-equilibrium effects. Zimm was 
careful to emphasize that his suggestion was not a com- 
plete theory and it is evident that before we have a 
treatment of critical phenomena on which we can rely, 
many more careful experiments must be performed and 
many theoretical implications developed. 


*McMiian, W. G., ano J. E. Mayer, J. Chem. Phys., 13, 
276 (1945). 

“Zima, B. H., J. Phys. and Colloid Chem., 54, 1306 (1950). 

"The situation as of 1950 was reviewed by HiLpEBRAND, 
J.H., anv R. L. Scorr, Ann. Revs. Phys. Chem., 1, 75 (1950). 

* Zum, B. H., J. Chem. Phys., 19, 1019 (1951). 

Micuets, A., anD C. Micues, Proc. Roy. Soc. (London), 
A160, 348 (1937). 


SIMPLE MODELS FOR LIQUIDS 


Even when we move away from the critical region 
and discuss the liquid state under normal conditions of 
temperature and pressure, we find that our present 
understanding of the situation leaves much to be de- 
sired. Existing theories of the liquid state fall mainly 
into two classes. Either they are good semi-empirical 
treatments which give satisfactory explanations of 
some properties of liquids and fail badly with others, or 
they are nearly exact statistical mechanical develop- 
ments” #4, 2? which are so intractable mathematically 
that results can be obtained therefrom only by intro- 
ducing approximations of uncertain validity. 

The properties of the simplest possible model—a 
liquid or dense gas of non-attracting rigid spheres— 
are still largely unknown except in the region of the 
slightly imperfect gas where the second, third, and 
fourth virial coefficients have been calculated. The sta~ 
tistical problem reduces to one of merely counting the 
allowed configurations. There is no energy associated 
with any of the allowed configurations because of the 
absence of any attracting forces. 

Even so the evaluation of the free energy (or entropy) 
of such a fluid at high densities by means of these nearly 
exact equations would take our best high-speed elec- 
tronic computers (“magic brains’) many times longer 
than the currently accepted “‘age’’ of the earth. The 
reason for this is that at high densities nearly all con- 
figurations which are tried turn out to be forbidden, be- 
cause at least one pair of spheres is overlapping. The 
computation involves a systematic trial of a long series 
of configurations, nearly all of which are discarded and 
contribute nothing to the thermodynamic properties 
of the system; nevertheless since this fact is not known 
in advance any computer must take the time to crank 
out these zeros. 

A different approach to this problem is suggested by 
a model experiment carried out by Morrell and Hilde- 
brand.2* They simulated such a liquid by placing a 
number of gelatin spheres, a few of which were colored, 
in a vessel containing a boiled gelatin solution of the 
same density and refractive index. The vessel was 
shaken and by means of spark photography the position 
of the colored balls determined at periodic intervals. 
From such measurements a radial distribution curve 
was constructed which was in good agreement with 
ones actually observed for monatomic elements. Re- 
cently it has been proposed that this kinetic experiment 
be repeated using one of the high-speed electronic com- 
puters to calculate the motions of a set of rigid spheres, 


20 Mayer, J. E., J. Chem. Phys., 15, 187 (1947) (see this paper 
for references to earlier papers by Mayer and co-workers). 

21 KirEwoop, J. G., ibid., 3, 300 (1935); 7, 908, 919 (1939); 
Kirxwoop, J. G., aNnD E. M. Boaas, ibid., 8, 845 (1940); 10, 307, 
394 (1942). : 

22 Born, M., anp H. S. Green, Proc. Roy. Soc., A188, 10 
(1946); A189, 103; A190, 455; A191, 168 (1947). 

23 MorRELL, W. E., J. H. J. Chem. Phys., 4, 
224 (1936). 
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confined in a box of fixed volume, which areper mitted 
to move at random. After such a system has been in 
motion for a sufficiently long time, its average proper- 
ties can be computed. In order to avoid “wall” effects, 
a periodicity condition is imposed; what goes out 
one side automatically reappears at the opposite side 
(see Figure 4). A great advantage of this dynamic 
method is that it automatically avoids computing im- 
possible configurations. 


Figure 4 


Very recently Teller and co-workers*‘ have used the 
MANIAC at the Los Alamos Scientific Laboratory to 
compute the related, but simpler, two-dimensional 
problem of non-attracting rigid circles. Their method 
actually involves moving only one molecule at a time 
and this further simplification of the problem makes 
it even more feasible for use with these new computers. 

While any model without attractive forces is admit- 
tedly artificial, a satisfactory solution of this problem 
serves two purposes. First, it is obviously the first 
step in the solution of problems which do involve at- 
tractive forces; second, it is interesting in its own right 
in connection with the question as to whether a phase 
transition can occur in the absence of attractive forces. 
Preliminary indications suggest that such phase transi- 
tions do not occur, but if they do not occur, it appears 
necessary that there be solid-liquid (or solid-gas) crit- 
ical phenomena; for, if one goes to sufficiently high 
temperatures, all attractive forces become negligible 
relative to the kinetic energies of the molecules, leaving 
repulsive forces as the only significant interaction be- 
tween molecules. 

A general solution of the thermodynamic properties 
of a model liquid will help resolve some of the present 
uncertainties about the liquid state, such as the nature 


24 Merropo.is, N., A. W. Rosensiutu, M. N. RoseNBLUTH, 
A. H. ann E. Te ter, ibid., 21, 1087 (1953). 
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of the melting process and the physical significance gf 
such concepts as “communal entropy” and “free yol. 
ume” which, while extensively used, are still more thay 
a little bit nebulous. 


‘“REGULAR”’ SOLUTIONS 


Considering how rudimentary our knowledge 
liquids is, it is at first very surprising how much prog. 
ress has been made in our understanding of non-elee. 
trolyte solutions. The reason for this seems to lie 
in the fact that the solution properties which interest 
us (e€. g., vapor pressures, freezing point lowering, heat 
of mixing, solubility, etc.) are usually differences oy 
ratios referred to the pure liquid as a standard state, 
If we assume that the unknown features of liquids per- 
sist unchanged into the solutions, these features cancel 
out and can henceforth be ignored. That this assump- 
tion must be essentially correct is indicated by the 
remarkable success of some of the crudest possible 
treatments of solutions (e. g., the quasi-lattice mode 
which regards the liquid as a crystalline solid and the 
liquid solution as a solid solution). 

To use an analogy, the aim of any surveyor in map- 
ping a region is to tie in his altitudes and distances with 
a few known points, usually at sea level, but his inability 
to do so does not prevent an accurate mapping of small 
regions far away from these ultimate reference points. 
In statistical mechanics the ultimate reference point is 
always, or nearly always, the perfect gas and, as we 
have seen, we are far from understanding the precise 
relationships between liquids and gases.. Like the sur- 
veyor, however, we can use the pure liquid as a tem- 
porary reference point and try to tie in the behavior of 
solutions with those of the pure liquid components. 

Actually, in recent years, a simple treatment of solu- 
tions which has become known as the ‘theory of regular 
solutions” has been refined and extended to the point 
where we can use the experimentally determined prop- 
erties of pure, non-polar non-electrolytes (including 
high polymers) to make predictions about the proper- 
ties of the solutions and expect semi-quantitative (in 4 
few cases almost quantitative) agreement with experi- 
mental measurements. This approach really started with 
van Laar® but, because he built his theory upon the 
van der Waals equation of state and because his writings 
are frequently full of polemic, his important contribu- 
tions to these subjects were all too often overlooked. 

It remained for Hildebrand* to introduce the great 
simplifying assumption that the molecules in a “regu- 
lar” solution were distributed randomly, leading to an 
entropy of mixing the same as that in an ideal solution 
and attributing all deviations from ideality to a heat of 
mixing calculated for such a random arrangement. 
This model, as we now know, is not correct or even self- 
consistent, but it is so nearly so for many solutions that 


25 vAN Laar, J.J., “Sechs Vortrage iiber das thermodynamische 
Potential,” Braunschweig, 1906; Z. physik. Chem., 72, 723 (1910). 

26 HitpeBRAND, J. H., Proc. Nat. Acad. Sci., 13, 267 (1927); 
J. Am. Chem. Soc., 51, 66 (1929). 
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the equations which Hildebrand**. and Scatchard’ 
derived are adequate for many purposes. They can 
be used to estimate the vapor pressures of solutions, mis- 
cibility of liquids, solubility of solutes in liquids, osmotic 
pressures, and a host of related properties, all with sur- 
prising success. 

The basis equation relates the activity coefficient of 
a component, 71, to its partial molar heat of solution, 


1- 
RT \n (pi/pr° x1) = = Af, — (5) 


In this equation V; is the molar volume of the first com- 
ponent and ¢» is the volume fraction of the second 
component in the solution, and the 6’s are thermody- 
namic constants evaluated from the properties of the pure 
components. This 6, which we have called the “solu- 
bility parameter,” is the square root of what has been 
called the ‘internal pressure” or “cohesive energy den- 
sity” of the liquid and is a measure of intermolecular 
attractive forces; it is best evaluated from the energy 
of vaporization per unit volume of the liquid and is 
usually expressed in units of (cal./em.*)!/?, 

It is evident from equation (5) that the heat of mixing 
is zero and the solution an ideal solution when the sol- 
ubility parameters of the two liquids are equal. The 
greater the difference between the two values, the greater 
are the heats of mixing and the greater the positive 
deviations from ideal solution laws. These lead to 
higher vapor pressures and ultimately to separation to 
two liquid phases. In the case of the solubility of a 
solid non-electrolyte, its solubility in various solvents 
decreases as the difference in 6 values between the 
solvent and the solute (as supercooled liquid) increases. 
Table 1 gives solubility parameters for a representative 
group of liquids. Substances close together in the 
table, 7. e., close together in the spectrum of 6 values, 
form almost ideal mixtures. Substances widely sepa- 
rated in the table show incomplete miscibility as liquids, 
and, in the case of solids, low solubility. 

If the two components of the solution have molecules 
radically different in size, the assumption that the en- 
tropy of mixing is ideal fails badly. One can extend, 
however, the ideas of regular solutions, 7. e., the concept 
of random arrangement in solution, and calculate the 
entropy of mixing of chain molecules of varying lengths. 
In 1941 Huggins”? and Flory** independently derived 
equations for high polymer solutions using a model 
which is basically one of mixing strings of beads (the 
polymer molecules) with unstrung beads (the solvent 
molecules) which are, except for being unconnected, 
identical with those in the strings. If the regular solu- 
tion heat of mixing (equation (5)) is added to an entropy 
of mixing calculated from this model, one obtains a re- 


-arkably good semi-quantitative treatment of high poly- 


(1933 

*Scatcuarp, G., Chem. Revs., 8, 321 (1931). 

* Hucains, M. L., J. Chem. Phys., 9, 440 (1941); Ann. N. Y. 
Acad. Sci., 43, 1 (1942). 

” Fiory, P. J., ibid., 9, 660 (1941); 10, 51 (1942). 


* HILDEBRAND, J. H., anv S. E. Woop, J. Chem. Phys., 1, 817 
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TABLE 1 
Solubility Parameters of Selected Liquids 
Voss 5298 Voos 5298 

Phosphorus (P;) 70 14.4  Stannic chloride 118 8.7 
Iodine 59 14.1 Carbon tetrachloride 97 8.6 
Sulfur (Ss) 1385 12.7 Cyclohexane 109 8.2 
Osmium tetroxide 58 12.6 n-Hexadecane 295 8.0 
Methylene iodide 81 11.8 n-Octane 164 7.55 
Bromine 51 11.5 Silicon tetrachloride 115 7.5 
Pyridine 81 10.7 n-Hexane 132 7.30 
Carbon disulfide 60 10.0 n-Pentane 116 7.05 
Chlorobenzene 102. 2,2,4-Trimethy]- 166 6.85 

pentane (‘‘iso- 

octane’’) 
Chloroform 81 9.3 Tsopentane 117 6.75 
Benzene 89 9.15 Perfluoro-methyl- 195 6.0 
o-Xylene 121 9.00 cyclohexane 
Toluene 107 8.90  Perfluoro-n-heptane 227 5.7 
p-Xylene 124 8.75  Perfluoro-n-pentane 205 5.6 


mer solutions which has been used with great success to 
interpret the previous baffling properties of high poly- 
mer solutions. In the decade since this Flory-Huggins 
equation was proposed, there have been many refine- 
ments, but none have altered the basic ideas underlying 
the original work. 

This rather elementary model of solutions, starting 
with the pure liquids as reference points, has an ex- 
tremely wide range of applicability and is now sup- 
ported in its essential details by a tremendous amount of 
experimental data.*!_ To this now extensive record of 
success in interpreting the behavior of solutions of 
non-polar non-electrolytes, there are so far only a few 
significant exceptions. One of these is the solubility of 
halogen elements, particularly iodine, in aromatic sol- 
vents, which is somewhat greater than expected. This 
effect is being extensively studied**-* and is now a 
fairly well understood case of complex formation be- 
tween the aromatic solvent, a Lewis base or electron 
donor, and the halogen, a Lewis acid or electron ac- 
ceptor. 


FLUOROCARBON SOLUTIONS 


A more serious anomaly is presented by certain hy- 
drocarbon-fluorocarbon mixtures which show abnor- 
mally low liquid-liquid miscibility. As a by-product 
of atomic energy research during World War II, a 
great many fluorocarbons (fluorine analogues of hydro- 
carbons) were synthesized and their behavior studied. 
One of the most remarkable properties of these com- 
pounds was their immiscibility with most common or- 
ganic liquids, and their low solvent power for all but 


31 For a review of regular solution theory and its application, 
see HILDEBRAND, J. H., anp R. L. Scorr, “Solubility of Non- 
electrolytes,” 3rd ed., Reinhold Publishing Corp., New York, 
1950. 

32 BenesI, H. A., ano J. H. HitpEBRAND, J. Am. Chem. Soc., 
71, 2703 (1949). 

33 CROMWELL, T. M., AND R. L. Scort, ibid., 72, 3825 (1950). 

34 Keerer, R. M., ano L. J. ANDREws, ibid., 72, 4677, 5170 
(1950); 73, 462 (1951). 

35 MULLIKEN, R. S., ibid., 72, 605 (1950); 74, 811 (1952). 
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other fluorocarbons, a feature which makes them of 
great practical importance in the many operations where 
minimum solubility or minimum swelling (as in the 
case of high polymers) is crucial. 

In general, fluorocarbon solutions fall into the normal 
pattern of regular solutions; in 1948 I reported** that 
the solubilities of fluorocarbons in typical organic sol- 
vents agree with their unusually low solubility param- 
eters (5.6-6.0 cm.~—*/?), Actual experimental 
data on such systems are still meager, but those which 
exist bear out the regular solution conclusions except 
for mixtures of aliphatic hydrocarbons with aliphatic 
fluorocarbons which show a high degree of immisci- 
bility incompatible with the solubility parameters of 
the substances involved.*7—*® In addition, these solu- 
tions show abnormally large heat absorption on mixing 
and abnormally large volume expansions on mixing, 
properties which are mutually consistent but again at 
variance with the predictions from solubility param- 
eters. 


TABLE 2 
Solubility Parameters at Critical Solution Temperatures 


& 


— 


Cale. 
from 

Solvent te°C. Bz otvent Actual eqn. (5) 
“7”-CsHis 23.7 6.88 5.87 1.01 2.47 
n-C7 Hie 50.0 7.13 5.55 1.58 2.58 
Ch 58.7 8.12 5.45 2.68 2.78 
CHCl; 78.5 8.42 5.20 3.22 2.90 
CcHe 113.5 7.84 4.73 3.11 2.89 


Table 2, taken from the paper by Hildebrand, Fisher, 
and Benesi*® compares the actual difference in solubil- 
ity parameters for a series of mixtures of perfluoro- 
n-heptane with a variety of solvents and compares 
these with the difference which is calculated from the 
critical solution temperatures using equation (5) for 
the heat of mixing. Except for the two aliphatic hy- 
drocarbons the agreement is quite satisfactory, but for 
those two the disagreement is far beyond that previ- 
ously observed in any solution where both components 
were non-polar. 

At least two explanations for these anomalies have 
been offered, both of which attribute the irregularities 
to properties of the hydrocarbon: 

(1) Simons and Dunlap (ref. 38) have suggested an 
ingenious “interpenetration” model in which the fa- 
vorable geometry of the hydrocarbon chains permits 
abnormally close interaction of the C-H groups of 
adjacent molecules. (A schematic diagram is shown in 
Figure 5.) This would lead to the abnormally large 
heats of mixing and volume expansions and the low 


36 Scort, R. L., J. Am. Chem. Soc., 70, 4090 (1948). 

37 HILDEBRAND, J. H., anp D. R. F. Cocuran, ibid., 71, 22 
(1949. 

38 Simons, J. H., anp R. D. Dunuap, J. Chem. Phys., 18, 335 
(1950). 

39 HILDEBRAND, J. H., B. B. Fisner, ANp H. A. BENEsI, J. Am. 
Chem. Soc., 72, 4348 (1950). 
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miscibilities. While this model gives an apparently 
satisfactory explanation of mixtures of straight chain 
hydrocarbons and fluorocarbons, it is hard to see hoy 
it can explain the equally anomalous behavior of 
branched hydrocarbons (ref. 39); nor does it seem to 
agree with the observed behavior of hydrocarbons with 
liquids other than fluorocarbons. 

(2) Hildebrand” has suggested that a good empiri- 
cal fit may be obtained by assigning to the hydrocar. 
bons solubility parameters 6 about 0.6 of a unit higher 
than those calculated from the thermodynamic energies 
of vaporization per cc. This change would make the 
hydrocarbons poorer solvents for substances with lower 
6 values (e. g., the fluorocarbons) and better solvents for 
substances with higher 6’s (e. g., iodine, phosphorus, 
etc.). This proposal appears to give a better fit with 
the experimental data presently available, but in any 
case it is hardly an ‘explanation’ but merely an empir- 
cal correlation. 

The present meager data on fluorocarbon solutions 
do not permit any conclusive decision that either of 
these proposals is correct or incorrect, but it should be 
pointed out that these are mutually exclusive sugges 
tions. Simons and Dunlap (ref. 38) predict that the 
hydrocarbons will have abnormally low solvent power 
for all liquids except other hydrocarbons, while Hilde- 
brand” predicts that they will have enhanced solvent 
power for substances of high solubility parameter. 


SOLUTIONS OF POLAR SUBSTANCES 


We have seen that for mixtures of non-polar non- 
electrolytes we can be reasonably confident that our 
basic physical picture is correct and that at least in 


Hydrocarbon Fluorocorbon Hydrocarbon 
Hydrocarbon Fluorocarbon Fiuorocorbon 
Figure 5 


most cases (except the still baffling hydrocarbon-fluoro- 
carbon situation discussed above) we can make useful 
semi-quantitative predictions. For solutions of polar 
substances, the situation is much less satisfactory. 
Certain polar substances such as chloroform and 
ether fit quite well into the regular solution framework 


40 HILDEBRAND, J. H., J. Chem. Phys., 18, 1337 (1950). 
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providing that the other component is non-polar and 
that specific complexes (such as that between ether and 
iodine) are absent. Other substances such as acetone 
show at best only qualitative agreement with theo- 
retical predictions, but a treatment which includes the 
effect of dipole forces will probably account for its be- 
havior. Not only do ether and acetone have very dif- 
erent dipole moments (1.15 and 2.85 Debye units re- 
spectively) but a consideration of the steric arrange- 
ments also shows that the acetone dipole is more ‘“ex- 
posed” and can therefore interact more strongly with 
a neighboring molecule. The dipoles of ether (and 
chloroform) being somewhat “buried” are less signifi- 
cant features. 

In general, the mutual solubility of a polar substance 
and a non-polar substance is never greater than that 
predicted from solubility parameters and may well be 
much less.4! If both substances are polar, the solu- 
bility may be enhanced. 

The major unsolved problems of non-electrolyte so- 
lutions involve situations where at least one of the com- 
ponents shows specific orientational forces (e. g., hy- 
drogen bonds). Unfortunately for our easy under- 
standing of solutions, this class involves some of our 
most important solvents: water, ammonia, the al- 
cohols, etc. The energy relationships, and even more 
the entropies, of such solutions show complexities which 


41 See Van ARKEL, A. E., Trans. Faraday Soc., 42B, 81 (1946). 
See also ref. 31, pp. 167-9. 


are not even suggested in solutions of non-polar sub- 
stances. At present we are just beginning to under- 
stand the kind of microscopic behavior which can give 
rise to the experimentally observed vapor pressures, 
solubilities, etc. 

Earlier attempts to explain such phenomena usually 
made use of the concept of association of the hydrogen 
bonding component. While such an approach is not 
necessarily wrong, there are strong indications that we 
do not have to use such terms to describe the situation. 
The most promising approach at present seems to be 
that suggested by Tompa:*? the use of a quasi-lattice 
model in which molecules of one component have dif- 
ferent energies of interaction with themselves and other 
molecules depending on the way in which they are or- 
iented. Because of what may be sizable differences in 
energies between these different modes of interaction, 
some may be strongly favored over others at different 
concentrations. 

Tompa has shown that a very simple model of this 
kind will reproduce at least qualitatively much of the 
baffling energy and entropy behavior observed ex- 
perimentally in alcohol solutions. It is clear, however, 
that we are only at the beginning of what will be a long 
and arduous struggle to understand more clearly the 
behavior of these solutions, but we can look forward to 
this with a reasonable expectation that we are on the 
verge of some very interesting and fruitful work. 


42 Tompa, H., J. Chem. Phys., 21, 250 (1953). 


Ir 1s almost paradoxical that a chemical suddenly needed for 
quite new functions should be most economically produced on a 
large scale by a process that was developed more than 40 years 
ago. Such is the case with hydrazine, N2H,, now needed as a 
rocket fuel. The process being used in the United States of 
America is the German Raschig process of 1907, based on the 
reaction of ammonia with sodium hypochlorite. There are several 
other routes to hydrazine—electrolysis of amides, and the decom- 
sition of ammonia by light, controlled oxidation, and high 
temperature dehydrogenation, but none of these newer methods 
gives yields as satisfactory as the 1907 process. One other process © 

on urea—is also being used today in America. Large- 
sale production has brought rapid price reduction. Anhydrous 
hydrazine was $9 per Ib. five years ago. It is now $3 per Ib. and 
a eventual stabilisation around $0.50 per Ib. is expected. Many 
of the more ordinary uses of hydrazine will therefore benefit from 


the ‘rocket fuel’ impetus to production. Hydrazine is a raw ma- 
terial for several pharmaceutical products, particularly for 
modern TB drugs (e.g., Isoniazid). It is also used in boiler-water 
treatment, in metal plating, for making special fluxes for soldering, 
and in the production of maleic hydrazide, the new plant-growth 
inhibitor. It is probable that many more uses of hydrazine will 
be developed once it is abundantly available at a low price. 
Hydrazine was used in World War II by the Germans as a rocket 
fuel and two large plants were erected in 1944. Hydrogen 
peroxide or liquid oxygen was used as the oxidant. First dis- 
covered by Emil Fischer (1875), first produced in a commercial 
process by Raschig (1907), and first developed as a rocket fuel, 
hydrazine has so far had an all-German history. The new 
$3,000,000 plant in the USA may alter that course of events. 
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* OSKAR GLEMSER 


Oskar GLEMSER, well-known inorganic chemist, was 
born at Stuttgart on November 12, 1911. In 1935 he 
received the Dr. Ing. degree at the Technische Hoch- 
schule in his native city and remained there as assistant 
in the inorganic laboratory. From 1936 to 1939 he 
had charge of the work in analytical chemistry. After 
habilitating as Privatdozent in 1939 he moved to the 
Technische Hochschule in Aachen, where he was chief 
assistant in organic and electrochemistry and later re- 
ceived a license to lecture on inorganic, electro- and 
colloid chemistry. In 1944 he became temporary 
head of the Institut as successor to Benrath, who had 
retired, and in this capacity oversaw the evacuation of 
the department to Dillenburg and also the return to 
Aachen in 1946. In 1948 he was advanced to ausser- 
planmdssige professor. Calls came from both Heidel- 
berg and Géttingen in 1952; the latter invitation was 
accepted. Consequently, since November, 1952, he 
has been director of the inorganic chemical institute at 
the University of Géttingen, where he holds the rank of 
ordentlicher professor. 

His doctoral and other early researches were in the 
organic field. When he subsequently decided to devote 
himself to inorganic chemistry, he took pains not to 
disregard his thorough basic training in organic chem- 
istry. Modern inorganic chemistry is making ever- 
increasing use of physical methods, but he believes that 
it is extremely important that the materials themselves 
not be forgotten. 

The main field of his researches has been the study 
of the systems metal oxide/water, the hydroxides, and 
oxyhydrates. He proved definitely that in systems 
such as ThO./H,O or MnO./H.O the greater part of 
the water must be bound in a mobile form. There- 
fore, in the true sense of the term, there are no hydrox- 
ides in such systems, and he has proposed that the 
term “oxide aquate”’ be applied to these materials. 
Later studies by him and his students of the transition 
metals led to the discovery of a whole series of new 
hydroxides of nickel, molybdenum, tungsten, etc. In 
the case of nickel, these investigations also cleared up 
the process occurring at the anode of the Edison 
storage battery; NiOOH and not Ni,O;-1.2 H,O is 
present during the charging of the cell. In the case of 
tungsten, they discovered the long-sought hydrogen 
analogue of the sodium tungsten bronzes, namely, 
Na,WO; where x = 0.33-1.0 (perowskite type). The 
new compound has the formula H.WO; (cubic) in which 
z = 0.5 (RO; type). They also showed that the simple 
molybdenum and tungsten blues can exhibit both oxidic 
and hydroxidic character. In the latter case there are 
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several molybdenum and tungsten blue hydroxides, 
which were characterized by isobaric degradation, X-ray 
patterns, and chemical analysis. It is interesting to 
note that some of these compounds can be obtained from 
MO; and WO; by direct addition of hydrogen atoms, 
Moreover, reaction with LiAIH, or (C2H;)2AlH leads 
to the goal quickly. 

Oxides have also claimed much of Professor Glemser’s 
attention. 6-Fe.O; and y-MnO:, now widely employed 
as a depolarizer, were the first fruits of these studies. 
Studies of molybdenum and tungsten oxides likewise 
brought successes, namely the isolation of MoO, 
and W203, both of which had been discovered by 
Hiagg and his associates. In addition to the X-ray 
pattern, they also employed determinations of the 
specific electrical resistance in characterizing the in- 
dividual phases. Magnetic measurements are being 
used in a study of molybdenum oxides now in progress. 
Another investigation has shed much light on the 
oxides whose composition ranges between CrO, to CrQ;. 
The extremely explosive MnO; has been thoroughly 
studied and much information has been assembled, 
such as its decomposition enthalpy, explosion charac- 
teristics, surface tension, dipole moment, etc. 

Studies of purely preparative nature have been 
directed toward the carbon monoxide compounds of 
nonmetals. New syntheses of COSe, and investiga- 
tions of the properties of CO(CN). and HCOF were 
the result. A new synthesis for alkylated and arylated 
chlorosilanes belongs in this category. 

In the analytical field special mention should be made 
of the development of a rapid photometric procedure 
for studying water- and fire-resistant materials. 

In an entirely new direction, Professor Glemser has 
taken up the study of the action of electrons on in- 
organic materials. For instance, he and his associates 
have found that slow electrons convert KMn0Q, into 
K,MnO; and K;MnQy,, whereas fast electrons degrade 
permanganate to MnO. Here for the first time, elec- 
trons have been used for studies on a preparative scale 
as the reaction products were isolated by chemical 
methods and then determined in the usual manner. 

His “Vorschriften zur Analyse von Wasser mit dem 
Leitz Photometer” was published in 1952. He fur- 


nished the chapter on the determination of alcohols, . 


aldehydes, and acids in ‘“Methoden der Ferment- 
forschung” (1940). Contribution 161 of the “Fiat 
Review of German Science” (1948) contains his dis- 
cussion of hydroxides and oxyhydrates. He contrib- 
uted the chapter “Volatile carbon compounds of 
copper, silver, gold, rhenium, nickel, cobalt” to the 
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“Handbuch der praparativen anorganischen Chemie” 
(1952). The third edition of Ullmann’s “Enzyklo- 
pidie der technischer Chemie” will include his dis- 
cussion of active solid materials and iron compounds. 
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He holds a number of patents and others are pending. 
Finally, he is a member of the committee on “High 
Temperature Technique” of the Verein Deutscher 
Ingenieure. 


INORGANIC CHEMISTRY—AN UNDEVELOPED 
RESOURCE IN CHEMISTRY CURRICULA 


Evenrs of the past decade or so have served to greatly 
stimulate the interest of chemists in what was once an 
almost forgotten field of chemical study. A quarter 
century ago the general appreciation for the field of 
inorganic chemistry had so far deteriorated that in the 
minds of many chemists the terms general (or freshman) 
chemistry and inorganic chemistry were synonymous. 
The events associated with developments in the fields 
of atomic energy have done much to reverse this trend. 
Inorganic chemistry is still, however, a greatly ne- 
glected field of study in many of our colleges and uni- 
versities. 


THEORETICAL CONCEPTS 


One of the principal values of inorganic chemistry 
in the training of a chemist, regardless of his intended 
field of specialization, lies in the fact that many of the 
important. theoretical concepts of chemical science re- 
quire a broad background of information concerning 
the chemistry of a large number of the elements. 

In my opinion the most important development in 
the history of chemistry was the discovery of the peri- 
odie law. Many of the other major developments in 
chemical science may best be correlated and rationalized 
in terms of periodic-table relationships. But I served 
on an oral examination committee a few years ago when 
a brilliant young Ph.D. candidate in the field of organic 
chemistry could not even name the elements in the 
oxygen family of the periodic system. While this 
situation is probably extreme rather than typical, it is 
by no means rare. 

Let us consider some of the important theoretical 
concepts for which a knowledge of inorganic chemistry 
is highly desirable for proper understanding, or which 
are best taught in connection with a course in inorganic 
chemistry. 


Relation of Structure to Properties. An understand- 


ing of the present state of our knowledge concerning 
the relationship of properties to structure requires, in 
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the first place, a study of the structures of atoms, par- 
ticularly of their electronic configurations, and the way 
in which such properties as ionization potential, elec- 
tronegativity, electron affinity, ionic radius, and atomic 
radius are related to these configurations and to the 
positions of the elements in the periodic system. This 
requires a study of all or most of the elements; in other 
words, inorganic chemistry. 

Secondly, an understanding of the relationship be- 
tween properties and structure requires a study of 
various types of chemical bonds, the kinds of atoms 
which form these bonds, and the properties which each 
type of bond confers upon a substance. It is only in 
the field of inorganic chemistry that a sufficiently wide 
variety of substances is available for illustrating these 
relationships. 

Finally, it is desirable that the chemistry student 
become acquainted with the various types of crystalline 
solids such as ionic, atomic, non-polar molecular, polar 
molecular, and metallic, and with the kinds of proper- 
ties which characterize each type. Again it is only inthe 
field of inorganic chemistry that this topic can receive 
anything but the most abstract sort of treatment. 

Multiple Bonds. It might be considered that the 
concept of multiple bonds can be adequately treated in 
terms of the content of organic chemistry and would 
not require the broader treatment available when all 
the elements are considered. However, though the 
study of carbon compounds contributes much to our 
understanding, it is only when we expand our field 
that the real significance of multiple bonding appears. 
Why, for example, does silicon dioxide have such very 
different physical properties from those of carbon 
dioxide? Why are the ketones monomeric whereas 
the silicones polymerize? Why does elementary nitro- 
gen form very inert Nz molecules whereas phosphorus 
and arsenic form the much more reactive P, and As, 
molecules? The answers to these and other such ques- 
tions lie in the fact that multiple bonding occurs much 
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more readily with first-row elements than with other 
elements in the periodic system. Further, it is in the 
study of the phenomenon of multiple-bond formation 
against the broad background of inorganic chemistry 
that the chemist becomes aware of the factors which 
limit multiple bond formation, such as, for example, 
atomic size. 

Molecular Addition Compounds—Coordinatiun Theory. 
One of the most interesting developments in chemistry 
during the past half-century has been the discovery of 
the great role played by molecular addition compounds 
and of metal ion-coordination complexes in chemical 
phenomena, and of the development of coordination 
theery and the Lewis acid-base theory to explain these 
phenomena. Whereas many examples of molecular 
addition compounds can be found in the realm of organic 
chemistry, they are few compared to those found in the 
chemistry of such inorganic substances as chromium(VI) 
oxide, sulfur trioxide, dinitrogen tetroxide, tin tetra- 
chloride, boron trifluoride, aluminum chloride, and 
many others. The field of metal-coordination complexes 
is, of course, almost entirely within the scope of in- 
organic chemistry. It is interesting to note that our 
understanding of such standard organic reactions as 
the Friedel-Crafts reaction and the Grignard reaction 
has developed as a result of studies in the formation of 
addition compounds. As a matter of fact, I believe that 
it is fair to say that theoretical organic chemistry has 
been largely enriched by the application of principles 
derived from a study of all the elements, 7. e., from in- 
organic chemistry. 

Stereoisomerism. The study of stereoisomerism has 
been so completely associated in our undergraduate 
curriculum with the field of organic chemistry that 
many of our students would answer as a student I 
heard recently, who, when asked what optical isomers 
are, replied that they are “isomeric forms of compounds 
containing asymmetric carbon atoms.” A_ similar 
limited outlook is found among our students with re- 
spect to geometric or cis-trans isomerism. Yet the field 
of stereoisomerism may be approached in a much more 
general and more logical way when metal complexes, 
and compounds of phosphorus, beryllium, boron, sulfur, 
silicon, tin, and nitrogen, are considered along with 
carbon compounds. Such an approach leads to a much 
greater variety of examples as well as to a broader under- 
standing of the principles of stereoisomerism than can be 
achieved through the study of organic chemistry alone. 

Non-aqueous Solvents. Whereas it might be expected 
that the major developments in the study of non-aque- 
ous solvents should have arisen out of the work of 
organic chemistry with the great variety of organic 
solvents, this does not seem to have been the case. The 
developments in the theory of non-aqueous solvents and 
in the related theory of acids and bases have come 
largely from such fields of research as reactions in liquid 
ammonia, sulfur dioxide, anhydrous sulfuric acid, and 
anhydrous hydrogen fluoride. In more recent years 
concepts developed in these researches have been car- 
ried over into the study of organic solvents. 
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The above topics are only examples. To thes 
examples of concepts to which the study of inorganie 
chemistry is especially valuable we might add Many 
others such as electrochemistry, oxidation potentials 
thermochemistry, and even the concept of resonance, — 


NEED FOR INORGANIC CHEMISTS 


Turning aside from the consideration of the contri. 
butions of inorganic chemistry in the general training 
of a chemist, let us now turn to the need for the training 
of more professional inorganic chemists. 

During recent years a number of developments haye 
caused an ever increasing demand for trained profes. 
sional inorganic chemists. Probably the greatest of 
these developments has been in the field of atomic 
energy where a study of fission products of U2%> and 
Pu?*® as well as of the vast array of isotopes produced 
in atomic piles has turned the spotlight on chemical 
elements which previously had been rare laboratory 
curiosities. Almost overnight, chemists had to become 
experts in the chemistry of elements of which they had 
scarcely heard six months before. 

The development of interest in new metals such as 
titanium and germanium has also greatly increased the 
demand from government and industrial laboratories 
for chemists trained in the knowledge and techniques of 
inorganic chemistry. 

The shift of military (and some commercial) air- 
craft to jet and rocket engines has provided a tremendous 
stimulus to a search for materials which retain their 
strength at high temperatures. A tremendous interest 
in various metal-ceramic bodies, called‘ cermets, has de- 
veloped, and as a result, the high-temperature chemis- 
try of many refractory systems is being investigated. 
This again produces a large demand for inorganic 
chemists. 

Avsociated with the search for higher and higher 
operating temperatures for various engines is the search 
for high-temperature lubricants and for materials which 
will be stable at high temperatures and from which 
flexible hose and similar units may be constructed. It 
is in the field of inorganic chemistry that men must seek 
a solution to these problems. 

Another factor leading to a greatly increased demand 
for inorganic chemists is the research on the develop- 
ment of methods for synthesis of high energy fuels. 
Such former laboratory curiosities as the hydroborons 
and their derivatives and the hydronitrogen, hydrazine, 
have become the subject of intensive research efforts 
undreamed of 20 years ago. 

Further pressure in the demand for inorganic chemists 
is building up as a result of the constantly increasing 
demand for commercial fertilizers. New and better 


methods for the treatment of phosphate and potash | 


deposits so as to secure higher yields of fertilizer ma- 
terials are constantly being sought. 

To these examples may be added many others, but 
they all add up to a badly inadequate supply of inor- 
ganic chemists to meet the demands of industry and 
government, to say nothing of the necessity for building 
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up the inorganic divisions of the chemistry departments 
of our colleges and universities. 

The output of Ph.D.’s in inorganic chemistry from 
the department of chemistry at Ohio State University 
has increased several hundred per cent during the past 
half dozen years, but the demand still far exceeds the 
supply. I believe that our experience is not unique. 

In view of the above trends there is an urgent need 
for colleges and universities to re-examine their chemis- 
try curricula and to make their course offerings and re- 
quirements more accurately reflect the current state of 
chemical science and the current needs of the chemical 
profession for trained men. 


MODIFYING THE CURRICULUM 


The question now arises as to just how to meet the 
problem posed in the early parts of this discussion. 
This problem will have to be solved in terms of the 
specific conditions pertaining to each college and uni- 
versity. However, the following general conclusions 
are offered. 

(1) The subject matter of freshman general chemis- 
try and that of inorganic chemistry are not the same. 
It is only when the freshman class is of very high ability 
andhas had an unusually good background in secondary- 
school chemistry that the freshman course may be made 
to include even the minimal treatment of inorganic 
chemistry for the undergraduate major. 

(2) In many of our colleges and universities the 
chemistry major’s course is so crowded as to preclude 
the addition of more credit hours in the major. In these 
instances our modifications must be made within the 
same total number of credit hours as is now required. 

The present arrangements which require on the aver- 
age from one to two semesters of quantitative analysis, 
a year of organic chemistry, and a year of physical 
chemistry in addition to the year of general chemistry 
and qualitative analysis should be modified to include 
at least one semester of inorganic chemistry beyond the 
freshman year. It seems quite unreasonable in terms 
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of the present state of the science to require, for example, 
one year of analytical chemistry and to have no require- 
ments in advanced inorganic chemistry. Another pos- 
sibility is that some of the topics now taught in the 
physical chemistry course might more effectively be 
taught as part of a required advanced inorganic course. 
A number of our universities have advanced inorganic 
courses in the senior year; these should not be on an 
elective basis for they are just as fundamental to the 
undergraduate’s training as the required courses in 
analytical and organic. 

(3) In our graduate curriculum all students who 
have not had an adequate undergraduate training in 
inorganic chemistry should be required to take such a 
course as part of their professional training regardless 
of their intended field of specialization. Furthermore, 
the facts with regard to the need for professional in- 
organic chemists should be made known to graduate 
students who are in the process of choosing their fields 
of specialization. 

(4) Our course offerings in the field of inorganic 
chemistry at the graduate level should be enriched, 
giving due consideration to the fields of work into which 
trained inorganic chemists are going. 

(5) Finally, the research program in the field of 
inorganic chemistry in our colleges and universities 
should be expanded, not only to provide more funda- 
mental information concerning this very vital subject- 
matter field but also so as to attract more young chem- 
ists into the field and to provide facilities for their train- 
ing. 

In conclusion, it should be recognized that the prob- 
lem under discussion is superimposed upon the general 
problem cf a shortage of trained chemists. However, 
it is to be hoped that the latter is a short-term problem. 
The problem of the need for bringing our curricula more 
nearly into line with the potentialities of inorganic 
chemical training and the need for such training is, 
however, a long-term problem which deserves our care- 
ful consideration. 
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T ue value of the transistor to the electronics industry 
has encouraged a large volume of research bearing on 
the physics of metals. The electron theory of metals 
has undergone considerable modification and elabora- 
tion as a result of these studies, but it still remains the 
most adequate basis for the interpretation of the 
accumulated data. The fundamental principles under- 
lying the theory were outlined in a previous article.! 
Although electrical conductivity was already discussed 
to some extent, a few points require emphasis before 
considering semiconductor theory. 

According to the electron theory of metals, the 
necessary condition for electrical conductivity is partly 
filled energy bands. This allows the high-energy elec- 
trons to further increase in energy as is required. On 
application of a potential to a metal, the high-energy 
electrons are accelerated in the direction of the field 
until a limiting value is reached. Above about 100°K. 
this resistance to continued acceleration is a linear 
function of the absolute temperature, as illustrated in 
Figure 1. In the neighborhood of 0°K. the resistance is 


Resistance 


Temperature 


Figure 1. Resistance of a Metal as a Function of Temperature 

proportional to 7° and, as the temperature is further re- 
duced, it approaches zero for a perfect lattice. This 
behavior can be explained in terms of the mean free 
path but to do so it is necessary to assume a value of 
about 100 atomic spacings at room temperature. 
Furthermore, as the temperature decreases, the mean 
free path increases until it approaches infinity in the 
vicinity of absolute zero. In view of these facts, it is 
necessary to assume that resistance is the result of a 
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A SUMMARY OF SEMICONDUCTOR AND 
TRANSISTOR THEORY 


ROBERT A. LEFEVER 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 
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Figure 2. Semiconductor Energy Diagrams. 
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wave-front scattering rather than actual collision of 
individual electrons with lattice points. A_ perfectly 
uniform lattice presents no resistance, thus accounting 
for high conductivity at very low temperatures. As 
the temperature increases, lattice points undergo 
thermal vibration, causing imperfections that scatter 
the wave front. 

Lattice imperfections caused by impurities also result 
in resistance to current flow. The resistance of an 
alloy in which atoms are randomly distributed often 
decreases appreciably when the alloy is heat-treated to 
bring about ordering. This decrease in resistance with 
an increase in ordering is sometimes useful in following 
the course of heat treatment. 

Several interesting problems in the conductivity of 
metals find solution in the electron theory. Although 
the alkaline earth metals have two valence electrons per 
atom, their relative conductivities, compared under 
conditions of equal lattice vibrations, are less than those 
of the alkali metals. The first Brillouin zone of the 
alkali metals is only half full, however, and the high- 
energy electrons can easily increase in energy as re- 
quired for conductivity. On the other hand, the alka- 
line earth metals have an almost full first zone and an al- 
most empty second zone as a result of zone overlap. The 
high-energy electrons in the first zone can only increase 
in energy by a small amount, while the second zone con- 
tains only a relatively small number of electrons to con- 
tribute to conductivity. Although electrons at the top 
of the first zone can be accelerated into the second zone, 
the transition is accompanied by a scattering that also 
contributes to resistance. The net result is a resistance 
higher than would otherwise be expected for the alka- 
line earth metals. Normally, the resistance of a con- 
ductor increases on melting because of breakdown in 
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lattice structure. Bismuth, however, affords an in- 
teresting exception to this behavior. As a result of an 
extremely small zone overlap, resistance of the metal is 
relatively high. When melting occurs, the zone struc- 
ture is destroyed and the resistance decreases. 


SEMICONDUCTOR THEORY 


Two interesting properties serve to characterize semi- 
conductors. Contrary to the behavior of normal 
metals, over certain temperature ranges semiconductor 
resistance decreases with an increase in temperature. 
Furthermore, the presence of impurities in small con- 
centration has a marked effect on resistance. The be- 
havior of semiconductors may best be explained by 
dividing them into two groups: (1) intrinsic semicon- 
ductors and (2) extrinsic semiconductors. 

The intrinsic semiconductor results from a very 
narrow forbidden region between a completely filled 
zone and a completely empty one. As the temperature 
of the semiconductor increases, an increasing number of 
electrons receive enough energy to cross the forbidden 
region, becoming conductors. Pure graphite, silicon, 
and germanium exhibit this behavior. Extrinsic semi- 
conductors, on the other hand, owe their unique 
properties to the presente of impurity atoms. These 
impurities create narrow energy levels in the forbidden 
region. Extrinsic semiconductors may be divided into 
two groups depending upon the nature of these energy 
levels. In n-type material the levels contain electrons 
while in p-type they are available for electron occupa- 
tion. The energy diagrams of n- and p-type semicon- 
ductors are given in Figures 2a and 2b respectively. 

As the temperature of an n-type semiconductor in- 
creases, electrons in the impurity levels are excited into 
the unfilled zone and become conductors. A tempera- 
ture increase in the case of p-type material results in the 
excitation of electrons from the filled zone into the avail- 
able energy states. Resistance is thereby decreased 
since electrons can be accelerated into the vacancies 
created at the top of the zone. 

Germanium and silicon afford interesting examples of 
extrinsic semiconductors. At room temperature, the 
conductivity of silicon is 4 X 10~* (ohm-em.)~'. The 
addition of one boron atom per million silicon atoms in- 
creases the conductivity to 0.8 (ohm-cm.)~!. The re- 
sulting material is p-type because boron has one less 
valence electron per atom than does silicon. This elec- 
tron deficiency disturbs the basic silicon lattice, in which 
each atom is covalently bonded to four other atoms. 
In the vicinity of each boron atom only seven electrons 
are available for bond formation and the effect of this 
one electron deficiency is to introduce an energy level 
available for occupation just above the filled Brillouin 
wne. The introduction of phosphorus or arsenic im- 
purity atoms into a silicon lattice results in n-type 
material, since each of these atoms adds an extra elec- 
tron over that required for bond formation. The re- 
sulting energy levels appear just under the empty zone 
The required amount of 


impurity atoms is normally added to the host lattice 
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after the latter has been obtained in the highest possible 
degree of purity. The extremely low impurity content 
required for optimum extrinsic properties has resulted 
in difficult problems relating to purification, analysis, 
and control. 

Whether a material conducts by movement of elec- 
trons or holes may be determined by the nature of the 
Hall effect, illustrated in Figure 3. The application of a 


Figure 3. Simplified Diagram of the Hall Effect 


potential to the ends of a thin strip of a conductor causes 
no difference in potential between opposite edges per- 
pendicular to the current direction. If, however, a 
magnetic field is applied at right angles to the plane of 
the strip, the current vector, 7, will shift to 7 or k de- 
pending upon whether electrons or holes are the con- 
ductors. As a result, one connection of the galvanom- 
eter, G, must be moved in one direction or the other 
along the edge of the strip to retain a reading of zero. 
If, for example, conduction by electrons shifts the vector 
to 7, then conduction by holes will shift it to k and, 
correspondingly, galvanometer lead B must be moved to 
C or B, respectively. It is not necessary to move the 
galvanometer lead, however, as the nature of the con- 
duction mechanism may be determined by observing 
the sign of the potential difference between the opposite 
edges. While this illustration serves to outline the 
principles of the Hall effect, in practice the situation is 
usually more complicated. Nevertheless, under cer- 
tain conditions the Hall effect may be utilized to quanti- 
tatively determine semiconductor impurity content. 
As the temperature of an extrinsic semiconductor in- 
creases above absolute zero, the resistance decreases 
until a minimum value is reached. This decrease is a 
result of an increasing number of electrons being excited 
into the conduction zone. Counteracting this effect, 
however, is the tendency for an increase in resistance 
caused by thermal vibration. As the latter factor be- 
comes predominant, the material begins to increase in 
resistance. Further temperature increase eventually 
results in another resistance decrease as a result of the 
hitherto subordinate intrinsic character. In this tem- 
perature range electrons are excited directly across the 
forbidden region and the effect of impurities is lost. 
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Above the temperature at which this effect begins to 
manifest itself, the resistance is largely independent of 
impurity concentration, while below this temperature it 
is highly dependent. This intrinsic phenomenon is 
aided by the fact that the forbidden energy region is 
temperature-dependent, decreasing in size as the tem- 
perature increases. 


TRANSISTOR THEORY 


Current research in the transistor field is extensive 
and rapidly expanding. This interest is a result of the 
many advantages transistors have over the vacuum 
tubes they are rapidly replacing. Small size and low 
power requirements are of great importance in promis- 
ing reduced size and weight in complex electronic equip- 
ment. In addition, they have proved to be rugged and 
to have long lives. Since they require no warm-up 
period, equipment in which they are utilized can be 
brought into immediate operation. Among the many 
problems that remain to be solved are low power- 
handling capacity, high inherent noise characteristics, 
and a large thermal coefficient of resistance. 

Transistors result from the combination of semicon- 
ductors with metals and with each other. The first of 
these devices was reported in 1948,? and since then a 
number of important types have been developed. The 
p-n junction, resulting from contact between p- and n- 
type semiconductors, is best adapted for an explanation 
of the basic theory, however. 

If the junction between p- and n-type semiconductors 
is biased as illustrated in Figure 4a, holes in the p-type 


(a) = o 
° ~<-| - 
° ° ° al 
P-TYPE N-TYPE 
(bo) ° =<o — 
= A+ 
oo <o 


Figure 4. Junctions Between p- and n-Type Semiconductors Under 
Applied Potentials 


material migrate across the junction toward the nega- 
tive side while electrons in the n-type material migrate 
across the junction toward the positive side. Some in- 
terpenetration of holes and electrons takes place before 
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they interact and cancel one another. This cancells. 
tion does not result in a current decrease, since both 
holes and electrons are continuously supplied at the 
terminals. 

If the junction bias is reversed, as shown in Figur 
4b, electrons and holes are withdrawn from the contae 
region. In this vicinity the material assumes its basic 
intrinsic character because energy levels in the for. 
bidden region have been removed. As a result, the 
resistance of this region increases. Thus, the resistance 


P TYPE N TYPE P TYPE 
D 
° ° o> _ ° 
° ° ° 
<= o>] o 
io? 0 0 


A Cc 
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Figure 5. A p-n-p Type Transistor 


of the junction depends upon the sign of the applied 
potential and the device becomes a rectifier, capable of 
allowing more current to flow in one direction than in 
the other. 

Of the three-component transistors useful for am- 
plification, the p-n-p type illustrated in Figure 5 is the 
most common. If biased as illustrated, electrons and 
holes continuously cross the junction at D. On the 
other hand, junction F is biased inversely and has, 
therefore, a high resistance. Some of the holes that 
migrate into the n-type material from the left manage to 
reach and pass through the barrier at E (under in- 
fluence of the potential between B and C). The re- 
sistance of this barrier is very sensitive to the concentra- 
tion of holes and the number of holes that reach this 
region is highly dependent upon the magnitude of the 
potential between A and B. Thus, a signal introduced 
at X to alter the potential between A and B will be re- 
produced in amplified form at Y. 

It should be understood that many complications 
normally encountered in the experimental work have 
been omitted from the above discussion to avoid con- 
fusion. Some idea of the problems encountered in 
transistor research and production may be obtained by 
consulting current literature, while a more detailed and 
quantitative description of the basic theory may be 
found in a recent book on the subject.* 


? BARDEEN, J., AND W. H. Brartratn, Phys. Rev., 74, 230 
(1948). 


SHock.ey, W., ‘Electrons and Holes in Semiconductors,” D. 
Van Nostrand Co., Inc., New York, 1950. 
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* INVESTIGATION OF COMPLEX METAL IONS 
BY THE POLAROGRAPHIC METHOD 


Tue purpose of this paper is to present in a simplified 
and readily understandable manner the outlines of one 
of the instrumental methods which, in recent years, has 
become a more and more prominent tool in the investi- 
gation of complex metal ions. We are addressing our- 
selves therefore mainly to the reader who is interested 
in gaining a working acquaintance with this important 
application of polarography, without entering into such 
detailed and often involved accounts as are offered in 
the more comprehensive treatments! of the subject. 
The material as presented in this paper thus might be 
found useful as the basis for a one- or two-hour lecture 
period in advanced inorganic or analytical chemistry, 
since the discussion of this and various other instru- 
mental methods with respect to their application to the 
study of complex compounds is more or less neglected 
in our current textbooks. 


FUNDAMENTAL THEORY 


The polarographic method for investigating complex 
metal ions is based on the fact that the characteristic 
half-wave potential (Z:,/,) of a simple metal ion is shifted 
when the metal ion undergoes complex formation. The 
extent of this shift in half-wave potential varies with 
the concentration of the complexing agent; and by 
measuring the shift of the E.,, values as function of the 
concentration of the complexing agent, it is possible to 
obtain information concerning the formula of the com- 
plex ion and its dissociation constant. 

In order to understand the relationships involved, a 
short mathematical derivation will be necessary. 

The general equation for the reduction of a metallic 
ion is 

Ox + ne & Red 


The Nernst equation then gives us the well-known rela- 
tionship: 


+ 9-05? jog a 


When a complexing agent is present which forms: a 
complex either with the oxidized form of the ion, or 
with the reduced form, or with both, we can write the 
equations for complex formation: 


Ox + pX OxXp 
Red + gX RedX, 


1 LinGANE, J. J., Chem. Revs., 29, 1-35 (1941). 


KARL H. GAYER, ANITA DEMMLER, and 
MICHAEL J. ELKIND 
Wayne University, Detroit, Michigan 


where X is the complexing agent, p is the coordination 
number of the oxidized form, and q is the coordination 
number of the reduced form. From the mass law, the 
dissociation constants for the two complexes then are: 


[Ox] [Red] [X]¢ 
Koz = TRed X¢l 
therefore: 
Kox[OxX>] Kreal[Red Xq] 


Substituting the expressions thus obtained for [Ox] 
and [Red] in the Nernst equation (1): 


_ po 0-059, 

Bo 

Now, by definition, the half-wave potential F.,, is the 

potential at which one half of all the oxidized form which 

reaches the electrode is reduced to the corresponding 
reduced form. Therefore when: 


E = 


(2) 


then 
[OxX,] = [RedX,] 


and equation (2) becomes: 


0.059 Kox 


= E° + log [X]¢-? (3) 
or rearranging: 
, 0.0 Kox 0.059 
= + 9998 jog ox 9958 (p — g) log (4) 


Equation (4) shows that the half-wave potential is a 
function of the ratio Kox/Knrea, the number of groups 
coordinated to the oxidized and reduced ions and the 
concentration of the complexing agent. 

Differentiating equation (4) with respect to log [X], 
we obtain: 


dE1/, 0.059 
(p — 9) (5) 

From the above equation it becomes evident that by 
measuring the E.,, values at various concentrations of 
X, and plotting the Z./, values versus log [X], (p — 9) 
can be calculated from the slope of the straight line thus 
obtained. 

Further, the ratio Kox/Knrea can be calculated from 
equation (4) by substituting the experimental value of 
E.,, found at [X] = 1, and solving the equation: 
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0.059 


E1/(at [X] =1) = E° + — log Kox 


(6) 


By this method only the ratio of Kox/Krea can be 
obtained. However, if one of the constants is known 
the other can be calculated. 

In the special case, when the complex is reduced to 
the metal amalgam at the mercury cathode, and no 
reduced complex is formed, equation (4) can be simpli- 
fied to: 


0.059 0.059 
n n 


Ei, = E° + log Ko. — —— p log[X] (7) 
and Ko, is given directly from the E.,, value found at 


[X] = 1 according to the equation: 


Bylot ix} = 0 = + 999 tog (8) 


Further, it is known that, to a close approximation, 
the half-wave potential of a simple metal ion is equal to 
its redox potential with respect to the standard calomel 
electrode (S.C.E.). Thus: 


E°s.c.z. = E1/ 2(non complex bound metal ion) (9) 
Writing equation (4) as: 


0.059, Kox _ 0.059 
n 


(p — q) log [X] (10) 
and keeping equation (9) in mind, it can readily be seen 
that (£./, — E°) represents the shift in half-wave poten- 
tial on complex formation, this shift being a function of 
the ratio of the equilibrium constants, the difference of 
the coordination numbers of the oxidized and the re- 
duced complex, and the concentration of the complex- 


log [OH- } 


— .65 
E'/2 vs. 8.C.E. volts 


Figure 1 


ing agent. Since in general the complex of the oxidized 
form is more stable than the complex of the reduced 
form, Kox < Knrea, and the term 


0.059 Kos 

n KRea 
takes on a relatively large negative value, causing a 
shift in half-wave potential on complex formation to- 
ward more negative HE values. Thus, there exists a 
direct relationship between the shift of the E:/, value 
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and the stability of the complex: the greater the shift 
of the half-wave potential toward negative E values, the 
more stable the oxidized complex. 

Before discussing specific applications of the polaro. 
graphic method for the investigation of complex metal 
ions, some mention should be made regarding the limita. 
tions of the method: 

(1) The oxidation-reduction reaction at the drop- 
ping mercury electrode should be reversible, for only in 
such case can p and q be calculated from the slope ae- 
cording to equation (5). 

(2) The reaction at the dropping mercury electrode 
should be rapid, so that the rate-controlling step is the 
rate of diffusion of the ions toward the electrode, this 
condition being basic to any successful polarographic 
measurement. 

(3) For all cases in which p # q, that is, in cases 
when complexing agent will be liberated or consumed at 
the surface of the mercury drop, an excess of the com- 
plexing agent must be present in order to make the 
change in the concentration of X negligible during each 
measurement. For example, in the polarographic re- 
duction of (Cd en3)+*+ to Cd° + 3en, ethylene diamine 
will be liberated at the mercury cathode, and therefore 
the measurement must be carried out in presence of 
excess ethylene diamine. 

With respect to the accuracy of the method, it can be 
said that (p — q) can be determined quite accurately as 
long as p and q are small numbers—as is generally the 
case—and if the complex is stable over a fairly large 
concentration range of X. 

The determination of the K values is often merely an 
approximation due to relatively large errors in the half- 
wave potential measurements, caused by deformations 
of the polarographic curves. 


APPLICATIONS 


Let us start with the simple case of the reduction of a 
complex ion to the metallic state. For such cases the 
general equation applies: 


OxX, + ne — Red(Hg) + pX 


Lingane thus investigated the plumbite ion which 
forms on adding excess NaOH to a soluble Pb+* salt. 
The reduction process taking place at the mercury 
cathode can be written as follows: 


Pb(OH), + ne — Pb(Hg) + pOH- 


To check the reversibility of the reaction, a solution 
5 X 10-4 M in Pb(NOs)o, 1.09 N in NaOH, and 0.8 N in 
KNO; was electrolyzed and a plot of log i/(ia — 1) 
against E was prepared (where 7 is the current at any 
point of the polarographic wave, and 7, is the diffusion 
current). 
calculation of n = 2 from the slope. 

To determine the number of OH ~ groups coordinated 
to the lead ion in the complex, the H:,, values were 
measured as a function of the NaOH concentration, the 
latter being varied between 0.1 N and 1.09 N. Then, 
by plotting log [OH~-] against the corresponding F:/, 


The resulting straight line permitted the . 
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values as shown in Figure 1, a straight line was obtained, 
and p was calculated from the slope according to equa- 
tion (5). The value obtained for p was 3, indicating the 
presence of the (Pb(OH);)~ ion. The equation for the 
polarographic reduction of the plumbite ion thus be- 
comes : 

(Pb(OH);)~ + 2e— — Pb(Hg) + 30H- 


Von Stackelberg? made a similar investigation of the 
zincate complex. As in the case of the plumbite ion, the 
zincate ion was found to be reversibly reduced at the 
mercury cathode, and again a value of n = 2 was ob- 
tained. To find the coordination number of zinc in the 
complex, 0.001 M Zn(NO3)2 solutions containing 0.1—4 
M NaOH were electrolyzed, and the F.,, values deter- 
mined for each concentration of base. Well-defined 
polarographic waves were obtained, and, when the £,;, 
values were plotted against log [OH~], the value of p 


was found to be 4, from the slope (Figure 2). Thus 
15 
by 
9 

13 

A. L 

-1.6 
E'/2 vs. 8.C.E. volts 


Figure 2 


the stable zincate complex was shown to be 
(Zn(OH),)~~ and the equation for the polarographic 
reduction taking place was established as: 


+ 2e- Zn(Hg) + 40H- 


The dissociation constant for the complex was then 
calculated as follows. In the absence of NaOH the 
E.,, value of the simple ion was found to be —1.05 volts 
with respect to the 8.C.E., while at a OH~ concentra- 
tion of 1, H:;, was measured as —1.54 volts. By sub- 
stituting these values in equation (8): 


= —1.05 + Koz 


and by solving this equation for Ko,, the dissociation 
constant of the zincate complex was found to be 1.3 X 
10-7: 

Most frequently, however, the polarographic method 
is applied to the investigation of complexes containing 
organic compounds as coordinated groups. A few 
representative examples will be taken from the work of 
Bailar and Laitinen? on complexes of the cupric ion. 
Ethylene diamine (en), propylene diamine (pn), and 


? STACKELBERG, M. V., anv H. V. Freyuo.p, Z. Elektrochem., 
46, 120 (1940). 

Lartinen, H. A., E. I. Onstort, J. C. Bamar, Jr., anv 8. 
Swann, Jr., J. Am. Chem. Soc., 71, 1550-2 (1949). 


TABLE 1 
Formula Coord. no. of K calc. from K by Bjerrum’s 
of complex Cuincomplex polarogr. data method 
(Cu(en).) ++ 4 19x 10-" 25x 10-™ 
(Cu(pn)2) +* 4 6.8 2.2 x 


diethylene triamine (dien) were used as complexing 
agents, the solutions electrolyzed being 5.14 X 10-4 M 
in Cu(NOs)s, 0.1 N in KNO; as supporting electrolyte, 
and 1.0-0.02 M in the respective amine. In each case 
the reduction took place reversibly, yielding a value of 
n = 2. From the slope of the plot of log (amine) 
against E1,,, a p value of 2 was established for all three 
complexes. The equilibrium constants were then cal- 
culated by the method outlined in the theoretical part 


of this paper and illustrated in the previous example. 


The data thus obtained are assembled in Table 1. For 
comparison, equilibrium constants determined else- 
where by Bjerrum’s method are also listed. 

It should be noted that the coordination number of 
the cupric ion is 4 in the en and pn complexes, while in 
the case of the dien complex, the coordination number 
is 6, according to the tridentate character of that 
organic constituent. 

Bailar and Laitinen‘ also investigated a series of 
organic Cd++ complexes. The results of the investiga- 
tion are outlined in Table 2. 


TABLE 2 
Cone. range of Dissociation 
Formula of complex complexing agent const. 
(Cd(en)3)** 0.1-2 M 
(Cd(pn);)** 0.1-2 M 5.4 X 1078 
Cd(dien)2) ** 0.05-1 M 
(Cd(trien)) ** 0.3-1 M 1.2 X 10-"* 
(Cd(py)s) ** 1-2 M 3.2 X 107% 
(Cd(py)2) 0.4-1 M 7.2 X 10-3 
(Cd(dipy)s) 0.01-0.04 M 3.4 X 107"! 
(Cd(o-phen)s) ** 0.005-0.02 M 6.4 X 


In the examples listed so far, the metallic ion in the 
complex was always reduced to the metal amalgam at 
the dropping mercury electrode, and thus the simplified 
equation (8) applied in the calculation of the equilibrium 
constants. 

Now we will proceed to a few examples in which the 
complex is reduced to a second complex, containing the 
metallic ion in a lower valence state. 

Such is the case in the reduction of the ferric oxalate 
complex to the corresponding ferrous complex. While 
the ferric complex had long been known to be a tri- 
oxalato complex, Stackelberg made use of the polaro- 
graphic method in the investigation of the nature of the 
ferrous complex. 

A preliminary equation for the reduction taking place 
can be written thus: 


(Fe (III) (C.0,)3)~* + e~ (Fe (IT) (C,0,)q)? + (8 — 


4 Dovetas, B. E., H. A. Larrinen, J. C. Barvar, JR., 
ibid., 72, 2484-6 (1950). 
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Again, the reversibility of the reaction was first 
ascertained by the usual method. Then, on electrolyz- 
ing solutions containing K2C.O, in concentrations vary- 
ing from 0.01-1 M, the £.,, values were found to be 
constant and independent of the oxalate concentration 


(Figure 3). Therefore, p — gq = 0, and p = q = 3. 
3 
—.24 
E'/; vs. 8.C.E. volts 
Figure 3 


Thus, the formula of the ferrous oxalate complex was 
established as (Fe(C20x)3) ~*. 

Later Lingane checked this work and obtained a 
similar result at oxalate concentrations above 0.15 M. 
In solutions more dilute in oxalate, however, the F:,, 
values were found to vary with varying oxalate ion con- 


centration. The data are plotted in Figure 4. From 
4 
q 
—.20 —.22 —.24 
E'/2 vs. 8.C.E. volts 
Figure 4 


the slope of the curve below 0.15 M oxalate, p — q was 
calculated as 1. Thus: 
q=p-1=3-1=2 

The existence of two ferrous oxalate complexes is thus 
indicated: below 0.15 M oxalate the bioxalato com- 
plex (Fe(C20,)2)—~, and above 0.15 M oxalate, the tri- 
oxalato complex (Fe(C,0,);)~* being present. The 
equations for the polarographic reduction of the tri- 
oxalato ferric complex above and below the critical 
oxalate concentration are thus 
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(Fe(C20,)s)~* + e~ — 
and 
(Fe(C20,)3)~* + e~ — (Fe(C204)2) + 


respectively. 

Lingane also calculated the dissociation constants of 
the complex ions investigated. Applying his data to 
equation (6), he calculated the ratio of Kox/Knea for the 
trioxalato complex: 


K (re(c204)s) 1 4 10-13 
K re(c204)2) 


From solubility data: 
K (re(c204)3) = 6.1 107 
therefore: 
K = 1 X X 6.1 X 1077 = 6 10-™ 


For the bioxalato complex, Kox/Krea was calculated 
from equation (4), by substituting one Z.,, value with 
its corresponding [X] value. The dissociation con- 
stant ratio was thus found to be: 


K -3 
8 x 10-% 
K (Fe (€204)2) ~~ 


Substituting the value for the trioxalato ferric com- 
plex as calculated above and solving for the dissociation 
constant of the bioxalato ferrous complex he obtained: 


Kre(c2002) = ater =8 xX 10* 


A special case arises when the concentration of the 
complexing agent is dependent upon the pH of the solu- 
tion, as is found with weak acids such as citric acid, 
tartaric acid, and amino acids. Since these and other 
weak acids are frequently associated with metal ions in 
coordination complexes, the polarographic analysis of 
one such complex will be discussed at this point. 

A slight expansion of equation (4) will be necessary 
to adapt it to the special case under consideration. 

The complexing agent, being a weak acid, ionizes 
according to the equation: 


HAs Ht + A- 
then: 
_ [H+] [A7] 

Ke. = 

and 
[A-] = Ke 

Therefore: 


= pH — pK, + log[HA] (11) 
Now log [A~] corresponds to log [X] of equation (4). 
Thus, substituting expression (11) into equation (4): 


0.059, Kox 0.059 
0.059 


(p — q) log [HA] 


= E° + log 


(12) 


From equation (12) it can be seen that F.,, will be a 
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linear function of the pH of the solution, if the dissocia- 
tion of the acid is so small that [HA] remains constant 
during the reduction at the mercury electrode. Then, 
on differentiating equation (12) with respect to pH, one 
obtains: 

d Ei, _ _ 0.059 


since all other terms of equation (12) are constant and 
their derivatives equal to zero. A plot of pH against 
E.,, values therefore permits the calculation of (p — q) 
from the slope. 

To illustrate, let us take the case of the cupric-glycine 
complex (See ref. 4) found to be reversibly reduced at 
the mercury cathode, giving a value of n = 2. The 
composition of the solutions electrolyzed was: 1.027 X 
10-* M Cu(NOs)e, 1 M glycine, 0.05 M KH,PO, buffer, 
and NaOH was added in such amounts as to vary the pH 
of the solutions between 7.9 and 6.3. The variation of 
E,/. with the pH of the solutions was recorded and from 
the slope of the plot as shown in Figure 5, a value of 
p = 2 was calculated. The formula of the stable 
cupric glycine complex was thus established as (Cu(gly- 
eine)s)°. 
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The dissociation constant of the complex was cal- 
culated from equation (12), using the value 9.69 for pK.: 


Kcuceiycine)2) = 7.9 


This value stands in excellent agreement with the 


8.2 


7.38 


pH 


7.0 


6.6 F 


6.2 


—.22 —.26 —.30 —.34 
E'/: vs, 8.C.E. volts 


Figure 5 


value K = 7.4 X 10~'* obtained for the complex by the 
method of Bjerrum. 


* ON THE USE OF HANDBOOKS 


BELIEVING in the value of the use of handbooks at the 
lower level of instruction, several years ago our depart- 
ment purchased 15 copies each of the “Chemistry and 
Physics Handbook” and Lange’s ‘Handbook of Chem- 
istry.’ These books were placed in suitable cabinets 
on a wall in the chemistry laboratory. This labora- 
tory is centrally located to the physics and biology labs 
and classrooms. The department as a whole uses these 
books when needed. 

In a very real sense those students who are at the 
general education level (and do not expect to go on to 
advanced study) need to know what information is 
available to them in a modern handbook, and how to 
find and use it. It is most desirable for each student 
to have available for his own use a copy of a standard 
handbook. 

The photograph shows these cases on the wall of 
our laboratory. The bars across the shelves will not 
prevent theft, but will discourage some one walking 
through from picking up a book. After use by class or 


G. W. H. POWELL 
Municipal Junior College, Meridian, Mississippi 


laboratory section the instructor locks the bar on the 
books. 
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Yeasrs are microscopic plants which like so many other 

vegetable products have been associated with the prog- 
ress and development of the human race. They have 
been found on pieces of bread exhumed with Egyptian 
mummies. They have been used by Egyptian priests 
in the preparation of a dark beer for ordinary folk and a 
light beer for nobility. The hardy Norsemen who 
braved the wintry seas drank milk fermented by yeast. 
Mention is made in the Bible of such yeast products as 
leaven, wine, and mead. In the Far East, Near East, 
Africa, and other continents, the beneficial effects of 
yeast products were known and are still enjoyed. 

Yeast, to many of us, is still that crumbly mass used 
for raising dough. A definition, 175 years old, states 
that yeasts are those bodies existing in a liquid during 
fermentation which are driven to the surface and then 
settle on the bottom. Later, yeasts were considered as 
those microscopic organisms which when placed in 
sugar solutions decompose these solutions to alcohol and 
carbon dioxide. More recently they have been divided 
into five utilitarian groups: beer yeasts, distillery yeasts, 
baking yeasts, wine yeasts, and food or feed yeasts. 

The yeasts were first described in 1680 by Leeuwen- 
hoeck, the famous Dutch cloth merchant who con- 
structed microscopes for a hobby. In 1859 Pasteur 
definitely established their nature as living organisms. 


1 One of the laboratories of the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, 
U.S. Department of Agriculture. 


YEAST, A VALUABLE PRODUCT FROM WASTES 


NANDOR PORGES 
Eastern Regional Research Laboratory, 
Philadelphia, Pennsylvania 
TABLE 2 
Comparative Composition of Beef and Yeasts 
Water, Protein, Fat, Ash, 
Beef Sirloin 
Fresh 61.9 18.9 18.5 1.0 
Baked 63.7 23.9 10.2 1.4 
Dry 0 66.0 21 39 
Yeast 
Compressed 73.0 14.2 0.4 2.4 
Dry 0 52.6 1.5 8.8 
Torulopsis 
Compressed 73.0 15.1 12 32 
Dry 0 56.0 46 8.2 


However, Liebig and others objected to the idea that 
these animalcules produced alcohol as in a still. It took 
Biichner’s discovery of zymase to clarify the viewpoints 
of these antagonistic scientists. This enzyme was 
obtained from yeast and produced alcohol in the absence 
of yeast. (This discovery did not mollify Liebig and 
Pasteur and these famous men remained enemies to the 
end.) 

Yeasts are now recognized as fungi or molds which are 
oval or spherical in shape. In other words, a yeast is a 
mold with a special morphology. They are unicellular 
fungi that reproduce asexually by budding and re- 
produce sexually by means of spores that form within 
the cells. They vary in shape from a sphere to an 
ellipse, being 1 to 5 microns in width and 1 to 9 microns 

in length. (25,000 microns are equal to 


TABLE 1 


The Position of Yeasts in the Plant Kingdom 


an inch.) Yeasts are known as Saccha- 
romyces or sugar fungi. Their place in 
plant classification is shown in Table 1. 


Kingdom Plant Why are yeasts of interest? Stated 

| plainly: They rapidly convert simple 

Phylum Spermatophytes Pteridophytes Bryophytes Thallophytes Sugars and inorganic salts to more de- 

sete plants) (ferns) (mosses) (fungi & algae) sirable complex products such as protein, 

a fats, sterols, vitamins, enzymes, glycerol, 

Class Phyco- Ascomycetes —_ Basidio- Fungi Schizo- and alcohol. In 1945 this country used 

mycetes (sac fungi) mycetes imperfecti mycetes 8,200,000 Ib. of dried yeast for human 

(algal fungi) | (club fungi) — phase) (bacteria) nutritional purposes. Of this quantity, 

(unknown) 5,700,000 lb. were primarily grown for the 

Order Saccharomycetales yeast itself and were not yeast obtained 

as a by-product. The remaining 2,500,- 

000 lb. of yeast were recovered from 
Famil Saccha End ta Torulopsidac 

of dried brewers’ yeast were used other- 

Genus Saccharomyces, etc. Endomyces, etc. el i wise than for ls Thus 16,700,000 

7 | lb. was utilized for all purposes. During 

Species S. cerevisiae _ S. fragilis o i the past war Germany produced 200,000,- 
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annually. Most of this was primary yeast. A con- 
siderable quantity is still available as a by-product 
in this country, when we realize that a half a pound of 
yeast is obtained with each barrel of beer. (In 1946, 
85,000,000 barrels of beer were produced and presum- 
ably consumed in the United States. ) 

The very similar compositions of a Saccharomyces 
and of the wild Torula yeast are compared with that of 
beef in Table 2. Both of these yeasts are fairly high in 
protein and low in fat. The yeasts have considerable 
nitrogen-free extract not present in meat. It is not 
surprising that so many yeast factories were found in 
Germany. At present, the interest of some tropical 
countries, rich in carbohydrate resources, has attention 
centered on the microscopic yeast plant. For instance, 
the protein in 500,000 lb. of yeast is equal in quantity to 
the protein in 500 steers, each weighing 1000 lb. On 
some days Chicago receives a total shipment of 10,000 
steers containing the same amount of protein as 10,000,- 
000 Ib. of yeast. Only four-fifths of the calculated 
protein of yeasts is true assimilable protein, as measured 
by the yield of amino acids upon hydrolysis. 

Dried yeasts are readily assimilated and the proteins 
have a high biological value. However, something 
went askew when yeasts were fed as the only source of 
protein to rats and chicks. Only two-thirds as much 
growth was obtained as when chicks were fed casein. 
A careful study of the protein composition gave a clue 
to these adverse results. The sulfur-containing amino 
acids were the culprits. Earlier investigation had 
shown that these animals require certain amounts of 
methionine in the diet. Cystine may replace some of 
the methionine. The amounts of these amino acids 
found in proteins obtained from yeast, meat, and casein 


TABLE 3 


Sulfur-containing Amino Acids in Proteins and Their 
Requirements in Diet 


Sulfur-amino acids——— 


Protein 

source Cystine, % Methionine, % 

Yeast 0.2 2.0 

Muscle 3.3 

Casein 0.3 3.1 
——Required in daily ration——~ 

0 0 
Rat 0.08 0.5 
Chick 0.4 0.55 


are shown in Table 3. Also shown are the amounts re- 
quired in the diets of chicks and rats. Even in the 40 
per cent yeast ration which contained 21 per cent pro- 
tein, growth was stunted. Calculations showed the 
presence of only about two-thirds of the minimum chick 
requirements of these amino acids. Naturally, a de- 


ficiency in growth occurred! Supplementation of the 
yeast ration with sufficient sulfur-containing amino 
acids resulted in good growth. Yeasts were not toxic, 
as had been believed, and as much as four-fifths of the 
animal proteins could be replaced by yeast proteins. 
Cattle feeds usually do not contain yeasts, although 
a dairy cow requires one pound of digestible protein 


daily. A pound of protein is also required for each 
thousand pounds of steer, while a yearling requires one 
and three-quarter pounds a day. Some milch cows are 
fed yeast pellets but not as a source of protein. 
Formulas for calf starters contain about three per cent 


yeast. Dog foods and rations for fur-bearing animals 
contain yeast. An important ingredient of fish food is 
yeast. (Of passing interest is the fact that the feed bill 


of the nation’s fish hatcheries amounts to over a million 
dollars.) People who market honey may be aware of 
the pollen substitute consisting of one part yeast and 
six parts soybean flour. Although yeasts are high in 
proteins their primary use in rations is not for nitrogen 
content but rather as sources of growth-promoting sub- 
stances. 


TABLE 4 
Vitamin Content of Some Yeasts and Daily Human Re- 
quirement (DHR) of These Vitamins 


—Yeast strains, mg./100 g.— DHR, 

Primary Brewer T. utilis mg./70kj. man 
Thiamine 13.6 2.9 0.3 1.0 
Riboflavin 3.8 6.2 §.1 2.0 
Niacin 52.5 28.3 29.7 10.0 
Pyridoxine 4.0 3.4 1.6 5.0 
Pantothenate 7.0 9.6 4.9 5.0 
Folie acid 0.4 0.7 0.7 2.5 


The yeast cell has the ability of manufacturing and 
storing many dietary essentials or factors necessary for 
proper utilization of proteins and minerals by animals 
and for the maintenance of good health. Two major 
deficiency diseases, beriberi and pellagra, are practically 
no longer extant owing to the contribution of yeast. It 
is the richest natural source of the B-complex vitamins. 
Some of the vitamin content of three selected yeasts and 
the daily vitamin requirements for a person of 154 lb. 
(70 kg.) are shown in Table 4. The variation in yeasts 
is clearly shown in this table. 

Ergosterol, which upon ultraviolet radiation becomes 
vitamin D, is present in yeast in quantities ranging from 
0.14 to 1.44 per cent of its weight. Ergosterol synthesis 
may be stimulated by feeding acetates to the yeast, 
just as may be done with the common black mold. 
This finding may be of value in the production of 
cortisone. The sterol forms during early stages of 
growth and constitutes about 18 to 20 per cent of the 
yeast fat. Most yeasts contain 2 per cent fat, but 5- to 
15-fold increases are obtained when such acetates are 
fed and if the solutions are properly aerated. Yields 
as high as 50 per cent of yeast weight have been re- 
ported. 

Mention is only made in passing of the production of 
enzymes, nucleates, pure proteins, and other materials 
from yeast. 

Yeasts offer a means of converting certain wastes, 
surpluses, and low-cost carbohydrate materials into a 
product of value for animal feeding. The manufacture 
of feed or fodder yeast has been studied in some detail 
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as a means of extending animal feeds, and at the same 
time as a means of reducing stream pollution. The 
soluble sugars and similar high-oxygen-demanding sub- 
stances are converted to insoluble and innocuous yeast 
cells that may be recovered. 

Fundamentally, the process does not appear to be 
complicated. Place some sugar water, nitrogen salts, 
and other nutrients in a container. Add some yeast 
and then force air vigorously through the solution. If 
the proper sugar is used, if sufficient nitrogen is present, 
if the nitrogen is usable, if sufficient other nutrient salts 
are present, if the proper yeast is added, if aeration is 
sufficient, and if nothing goes wrong—presto!—some 
hours later you may have yeast. Just that simple, but 
those “‘ifs’”” must be outmaneuvered. 

Given a waste material containing sugar, it is first 
necessary to obtain a desirable yeast that will grow 
rapidly and produce high yields of proteins and vitamins 
under available conditions. Most yeasts grow on 
hexoses, some use pentoses, while others can also use 
disaccharides. A Saccharomycete is usually used with 
molasses, although a Torula gives good yields, too. In 
a recent study, S. fragilis gave better results than 7’. 
utilis and a number of other yeasts when grown on skim 
milk or whey. Preliminary studies may be made in 
simple gas-washing bottles. 

After the desired yeast has been selected it is aecli- 
matized by repeated culturing in the substrate. The 
highest conversion of sugar to yeast is obtained at low 
concentrations of sugar. At 0.5 per cent sugar con- 
centration, yeast yields are over 45 per cent of the sugar 
available, dropping to as low as 10 per cent yields in the 
presence of 7 per cent sugar. The sugar level in indus- 
trial propagations is kept at the low values by feeding 
the sugar nutrient solution at varying rates into a vigor- 
ously growing culture. The starter varies from about 
one-twentieth to one-fifth of the final volume and has a 
yeast cell concentration of about 100,000,000 per ml. 
These increase to 500,000,000 or even to a billion during 
propagation. Meanwhile the amount of liquid in the 
tank has increased many times. The increase in total 
cell numbers is tremendous. Under ideal conditions 
yeasts double in numbers every two hours, and recent 
reports show that a new generation may be obtained 
every hour. The sugar in a 2 per cent solution was used 
in about 12 hours to give 500,000,000 yeast cells per ml. 

Nitrogen is an important requirement for high yields. 
Sometime ago it was believed that the only desirable 
source of nitrogen was that obtained by malting grain. 
Since 1914 ammonium sulfate and ammonia have been 
used extensively in commercial operations. Other salts 
serve also. When using these inorganic salts the 
assimilation of nitrogen is practically complete. On 
the other hand, the nitrogen in many amino acids is 
only partially assimilated and hence is found in the 
beer. For example, glycine is completely used, serine 
is only 53 per cent available and about 98 per cent of 
the lysine is left. The ammonium molecule is preferred 
by yeast, and nitrates are of no value for most of them. 

The amount of nitrogen required is usually deter- 
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mined experimentally by actual growth. Good propa. 
gations result when the amount of available nitrogen to 
available carbon in the mash is in the proportion of one 
to twelve, although a closer ratio may be desirable 
From the carbon, nitrogen, hydrogen, and oxygen con. 


tent of the yeast and bacteria cells, as shown in Table 5, 


TABLE 5 
Analyses and Empirical Formulas of Microorganisms 
Yeast, % Bacteria, % 
Carbon 47.0 47.3 
Hydrogen 6.0 5.7 
Oxygen 32.5 27.0 
Nitrogen 8.5 11.3 
Ash 6.0 8.3 
Empirical formula Ci3HpN207 
Carbon-nitrogen 
ratio 5.6/1 4.3/1 


the composition formulas were calculated. These are 
only empirical formulas containing the four major 
elements and in no way show the complexities of living 
cells. The carbon to nitrogen ratio of the yeast is 
47:8.5 or 5.5:1. Studies on aerated dairy wastes show 
that under vigorous aeration about 62.5 per cent of the 
carbon available in solution is assimilated and converted 
to cell material having the formula shown for bacteria. 
Thus, three-eighths of the carbon is burned to carbon 
dioxide in this rapid growth process. Therefore to 
supply the 5.6 parts carbon in the yeast cell at least 9.1 
parts will be necessary in the original mash for each part 
of nitrogen. A hundred pounds of sugar containing 40 
Ib. of carbon should yield 54 lb. of yeast containing 25 
Ib. of the carbon. . 

The maximum yield may be determined in another 
way. The classical equation for fermentation 


CoH 2C,H;,OH 2CO, 


shows that 180 Ib. of sugar is converted to 92 lb. of 
alcohol and 88 lb. of carbon dioxide. In the propagation 
process, where sufficient air is used, the alcohol does not 
accumulate but is converted to a yeast cell which ties 
up four of the six carbons. The carbon utilized in this 
case is two-thirds of that originally present and the 100 
Ib. of sugar should yield 57.5 lb. of yeast. Actual 
yields are somewhat less than this optimum value. 
Knowing this, we can now calculate that 100 lb. of 
sugar requires 4.5 lb. of nitrogen which may be sup- 
plied by 22.5 Ib of ammonium sulfate. 

Except for experimental purposes, pure sugars are not 
used for yeast propagation. Molasses may be used if 
the price is right, but it has greater value for alcohol 
production. Sulfite liquors from the wood pulping in- 
dustries which create terrific pollution effects can serve 
as a sugar source for yeast. 
treated with lime, filtered, treated with sulfuric acid, 
and filtered again. The resulting solution contains 2 
to 2.5 per cent sugar and supports good yeast growth 
when nitrogen, phosphates, and other nutrients are 
added. At least one such plant operates in this country 
and one in Canada. 
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Waste wood itself, such as sawdust, twigs, and chips, 
may be hydrolyzed by strong acids. After neutraliza- 
tion and filtration the resulting solution contains 4.5 
per cent sugar and produces good yeast. Such a process 
was used in Germany and is being tried experimentally 
in this country on the West Coast. The mild hydroly- 
gates of straw prepared for paper have been used. 
In Jamaica and other islands of the West Indies cane 
and other plant juices yieid solutions containing 10 per 
cent sugar. Feed yeast has also been prepared from 
citrus waste press juice containing about 6.5 per cent 
sugar after clarification. Fruit waste juices available 
at canneries on the West Coast may be readily used, 
since they contain 7 to 11 per cent sugar and require no 
special treatment. Torula yeast has been grown on 
waste waters from the processing of sweet potatoes for 
starch. This waste contains one per cent sugar and 
clarification is not necessary. The recovered material 
contained a mixture of yeast and coagulated proteins 
which could be added to the pulp feed. In the prep- 
aration of protein from peanuts a waste containing one 
per cent sugar is available which gave good yeast yields. 
Skim milk and whey are also good sugar sources. 

It is now obvious that any sugar water can serve for 
yeast growth if the right fertilizer or nutrient salts are 
added and if the right organism and desirable con- 
ditions are available. 

One of these important conditions is a sufficiency of 
air. When making wine it is necessary to exclude air 
and keep the mash undisturbed. Good yeast growth 
requires the opposite régime. Vigorous aeration and 
agitation are necessities. Means of supplying sufficient 
air to the rapidly growing yeast is continually under 
study and is a major engineering difficulty. Indus- 
trially, the critical problem is air supply. Studies on 
dairy waste disposal and penicillin production show that 
in order to maintain aerobic conditions the oxygen in 
solution must not drop below 0.3 parts per million. At 
& propagation temperature of 30°C. a water solution 
saturated with air has slightly over 5 parts per million 
of oxygen. Ina solution containing only 0.05 per cent 
sugar and about 300 parts per million of sludge bacterial 
cells, the oxygen is used up so rapidly that the solution 
becomes anaerobic in less than 10 minutes. We can 
well imagine what happens in a highly concentrated 
yeast mixture with its exorbitant demand for oxygen. 
No wonder that in many propagation studies the odor 
of alcohol is perceptible. Air is commonly supplied by 
ordinary spargers consisting of perforated tubes, al- 
though porous stone plates have been tried. A newer 
type propagator, known as the Waldhof fermentor, 
permits growth of the yeast in the foam which is con- 
tinually drawn back into the solution by a rapidly 
spinning, wheel-like mechanism. This apparatus favors 


TABLE 6 
Schematic Utilization of Waste for Feed Yeast Production 


Solids 


Pulp 


Carbohydrate solution 


Treated and cooked 
(if necessary) 

Propagator Yeast 

—Nutrients 


-Antifoam 
—Air 


Centrifuge 


Yeast cream 


Mixed with pulp 


Dryer 
Dried yeast 
Feed Feed 


rapid propagation and has found use on a continuous 
process using sulfite waste liquor. 

After the growth period the yeast is concentrated by 
means of centrifugals. The yeast cream, containing 
about 20 per cent solids, is dried on a steam-drum dryer 
or a spray dryer. The cream may be added directly to 
the waste vegetable pulp prior to drying the mixture in 
a rotary dryer. A schematic presentation of the 
utilization of a waste for yeast growth and feed is shown 
in Table 6. 

The question arises as to the future of feed yeasts. 
Considerable time and energy are being devoted to the 
study of the production and utilization of yeasts. As 
mentioned earlier, a fair portion of the protein in chick 
and turkey feed can be supplied by yeasts. Livestock 
feeds offer a tremendous outlet for yeast if the price is 
right. The disposal of liquid wastes by many industries 
using agricultural products is a major problem. Many 
use aeration tanks for this purpose. Combining the 
two processes, the aerobic disposal of wastes and the 
aerobic propagation of yeast should permit the recovery 
of an important feed supplement. The stream pollu- 
tion effect of these high-oxygen-demanding wastes 
would be reduced tremendously. At the same time an 
additional useful product rich in health and growth- 
promoting factors would become available. Such use 
is possible with many types of wastes; the soluble con- 
stituents would be converted to insoluble removable 
cells without special processing. Such recovery may 
eventually be required in all processing plants to alle- 
viate the disposal or pollution problem and to help in- 
crease the available food supplies for the 200,000,000 
people anticipated in this country by the year 2000. 
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Frank Wigglesworth Clarke 


I+ Gents is defined as infinite capacity for taking pains, 
then perhaps mediocrity may be defined as infinite ca- 
pacity for taking things for granted. Among the things 
we chemists take for granted is the table of data found 
in so many chemistry and geology books, entitled 
“Composition of the Earth’s Crust.” 

These data are sometimes credited to F. W. Clarke, 
sometimes to H. 8. Washington and to Clarke, but more 
frequently to no one at all. Both of these men spent 
the better part of their careers in Washington, so Wash- 
ington chemists, at least, should not take their work for 
granted. When one considers the complexity of the 
earth’s crust, it may be concluded that anything beyond 
an intelligent guess as to the composition of the crust 
lies beyond the power of the human mind. And yet 
here are two men who not only gave us the composition 
but gave it to three significant figures! Let us see what 


1 Reprinted from The Capital Chemist, 3, 92 (1953). 


* THE GREAT ANALYSIS’ 


ALBERT R. MARTIN 


National Institute of Drycleaning 
Silver Spring, Maryland 


manner of men they were, and how they 
managed to analyze so huge a mass as the 
earth. 

Frank Wigglesworth Clarke was chief chem. 
ist of the U. 8. Geological Survey from 1883 
until shortly before his death in 1931. Henry 
Stephens Washington (1867-1934) can only be 
described as a ‘free-lance’? chemist. He wag 
over 50 before he ever worked for a salary. 

Clarke was the pioneer in the great project of 
analyzing the earth’s crust. He published his 
first estimate of the composition of the crust as 
early as 1889. Washington published his first 
estimate in 1903. In 1908 Clarke published 
his great treatise on “The Data of Geochemis- 
try.”’ This went through five editions and re- 
mains to this date the Geological Survey’s all 
time best seller. The last edition was issued 
in 1924 as U. S. Geological Survey Bulletin 
770. In 1920 Washington and Clarke collab- 
orated on a revision of their estimates. It is 
thus evident that the project occupied a good 
portion of the professional careers of both men. 

It is interesting to compare these various 
estimates. In the table below are given the 
values for five of the estimates for some of the 
more abundant elements, all calculated as their 
oxides. It is astonishing how little these values 
changed through the years despite the ac- 
cumulation of new data. 

It has been said that Washington and Clarke 
were mere compilers of other people’s data. 
Close examination of the record does not sup- 
port this contention. On the contrary, their careers 
illustrate beautifully the proper ideal of compilation. 
They did not compile data merely for the convenience 


Composition of the Lithosphere 


Washington 
Clarke Washington Clarke and Clarke Clarke 
: 1889, 1903, 1908, 1920, 1924, 
Oxide % % % % % 
SiO, 58.59 "87. 78 59.79 59.09 59.14 
Al,O; 15.04 15.67 14.92 15.35 15.34 
FeO; 3.94 3.31 2.63 3.08 3.08 
FeO 3.48 3.84 3.33 3.80 3.80 , 
CaO 5.29 5.18 4.82 5.08 5.08 
M 4.49 3.81 3.98 3.49 3.49 
Na,O 3.20 3.88 3.28 3.84 3.84 
K,0 2.90 3.13 2.96 3.13 3.13 
H.O 1.96 1.76 1.98 1.14 1.15 
TiO» 0.55 1.03 0.71 1.05 1.05 
P.O; 0.22 0.37 0.25 0.30 0.299 
MnO 0.10 0.22 0.09 0.125 0.124 
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of others, as do the makers of handbooks. Rather, 
they compiled data in order to learn the story the data 
had to tell. They were creative compilers. 

It is true that they both loved compilation. In the 
Annual Reports of the Smithsonian Institution may be 
found an astonishing array of compilations by Clarke: 
melting points, boiling points, densities, thermochemical 
data, atomic weights, etc. Clarke was the first chair- 
man of the International Atomic Weights Committee. 
He was active in the early affairs of the American Chem- 
ical Society, and had much to do with its becoming a 
national society rather than a local group of chemists in 
the New York City area. He was president of the 
Chemical Society of Washington in 1885, and president 
of the A. C. S. in 1901. 

Compilations were only one type of publication that 
occupied Clarke’s time. He has one of the most in- 
credible publication records of any American chemist. 
His first paper, ‘“‘On a new process in mineral analysis,”’ 
appeared in the American Journal of Science in 1868. 
Sixty years later his last paper, “The significance of 
meteorites,’’ appeared in the Scientific American for 
1928. During those 60 years, only once (in 1925) did 
he fail to publish at least one paper a year. Many years 
he had a dozen or more publications. And he wrote 
them all himself. 

Clarke’s publications were featured by the great 
breadth of their subject matter. He wrote not only for 
scientific journals, but also for popular magazines and 
newspapers. He wrote poetry, textbooks, articles on 
freedom of speech, on mountain climbing, on volcanoes, 
on the evolution of matter, etc. Few subjects appear to 
have escaped his interest. 

Starting in 1884, Washington published a tremendous 
number of papers. But, unlike Clarke, he always dealt 
with one subject: petrology. Washington compiled a 
gigantic compendium of rock analyses containing 8,600 
separate analyses. He had examined each analysis 
critically, rating 5,179 of them as being “superior,” 
using criteria that he had devised. In his writings, 
Washington revealed an idealism about quantitative 
analysis that transcends even the idealism of Stas or 
Richards. Many have noted the quotations from his 
Writings at the head of some of the chapters in Kolthoff 
and Sandell’s textbook on quantitative analysis. For 
example,“‘... The balance and weights should therefore 
be regarded with a feeling akin to reverence, and the 
balance case looked upon, so to speak, as a sanctum 
sanctorum.’”’ These are the words of an analytical 
enthusiast. They give one the picture of a typical 
pedant who lived only for his subject: quantitative 
analysis; a grim, intolerant perfectionist poised to hurl 
his thunderbolts at the careless neophyte. 

On the other hand, the record of Clarke’s career gives 
one the strong feeling that here was a “man’s man.” 
Irresistibly the picture forms of a virile and dynamic 
character whose personality dominated every gathering; 
of a man who talked long, loud, and often on all sub- 
jects. 

But what is the testimony of those who knew the 
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men? How do they characterize them? The con- 
census of opinion is that we have our pictures reversed. 
The one painted of Washington comes closer to fitting 
Clarke; Washington comes closer to being the man 
pictured for Clarke. 

Washington was wealthy, with the urbane manners 
of the aristocrat. He was a world traveller, an amateur 
archeologist. He took up petrology as a hobby and 
built himself a laboratory on his family estate in New 
Jersey. He worked when he pleased. When the mood 
struck, he would rush off to some corner of the earth to 
prospect for interesting rock specimens. He roamed 
the earth like the character he most resembled: Santa 


Henry Se. ph W. hi gt 


Claus. His great white beard—like that of Walt Whit- 
man—made him an unforgettable character. He was 
a welcome and respected visitor wherever he went. In 
1899 he collaborated with Cross of the Survey, Pirsson 
of Yale, and Idings of Chicago in the development of 
the so-called CPIW system of rock classification. Al- 
though he was never an employee of the Survey, he was 
permitted to make full use of the facilities there. 

One day disaster struck Washington. He came home 
from a trip to find that his wife had left him, taking 
most of his money with her. This almost wrecked 
Washington’s career. There followed a period of be- 
wilderment and of despair. He floundered like a 
rudderless ship. Finally, he had to face reality: for the 
first time in his life, he had to get a job. In 1920, when 
he was over 50, he accepted a position with the Geo- 
physical Laboratory of the Carnegie Institution. 

But what kind of man was Clarke, he of the many 
papers on so many topics, and of so many activities in 
various organizations? He was small of stature, being 
scarcely more than five feet tall. This led many to re- 
mark when meeting him for the first time, “What! Can 
this little fellow be the great Prof. Clarke?” He was a 
quiet, rather modest man. He had asly sense of humor 
—a punster in fact. But no one ever heard him laugh 
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out loud. A sort of hissing snicker was the best he 
could manage. To his subordinates he was neither a 
good analyst nor a good administrator. Behind his 
back they would remark, “Clarke’s no rock chemist. 
He’s never done 12 rock analyses in all his life.” 
Nevertheless, his subordinates liked him because he left 
them pretty much alone. Let it be recorded that his 
subordinates did not waste their time under his lax 
supervision. Among these were W. F. Hillebrand, 
F. A. Gooch (of crucible fame), Eugene Sullivan (later 
the inventor of Pyrex glass), and W. T. Schaller (now in 
his 50th year at the Survey). 

Clarke spent a lot of time in what he called ‘mulling 
over the data.’’ He would sit at his desk in the old 
Survey quarters at 1330 F St., N.W., and gaze through 
the window at the Washington monument. He had 
discovered an air bubble in the window pane that he 
could line up with the tip of the monument. Thus he 
would sit by the hour engaged in this three-dimensional 
doodling while he mulled over the great quantities of 
geochemical data the Survey had accumulated. 
Throughout 1906 and 1907 this ‘‘mulling over’’ process 
went on. Finally one day Clarke jumped out of his 
chair and cried “I’m through mulling over the data; 
now I am ready to write!”’ 

No longer did he sit and squint at the Washington 
monument, but now he wrote furiously as if he had a 
deadline to meet. He was impatient at every interrup- 
tion; he gave most visitors the brush-off; and he even 
neglected routine business. In six months the task was 
finished; he had completed his masterful 700-page 
treatise on ‘The Data of Geochemistry.”’ 

Let us see if we can trace roughly the path Clarke 
took from the raw data to the finished product. First, 
the earth’s crust had to be defined. He recognized that 
the crust consisted of three sharply separated divisions: 
the atmosphere, the hydrosphere, and the lithosphere. 
He confined his treatment of the lithosphere to that 
part extending to a depth of 10 miles. From the 
various estimates and data of the volumes and average 
densities of the atmosphere, hydrosphere, and litho- 
sphere, the relative proportions were calculated to be 
0.03, 6.91, and 93.06 per cent by weight, respectively. 

The compositions of the atmosphere and the hydro- 
sphere were known to a high degree of accuracy; both 
are quite homogeneous compared to the lithosphere. 
The problem therefore reduced to the determination of 
the composition of the lithosphere. The lithosphere in 
turn was estimated to be 95 per cent igneous rock. 
Hence, the critical part of the problem was deter- 
mining the average composition of the igneous rocks. 

The chief data to be worked over, therefore, were the 
thousands of published analyses of igneous rocks. 
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Many questions presented themselves: questions o 
adequate sampling of the individual continents, ques 
tions of representative sampling of a given continent, 
etc. Each was examined critically and frankly. Ther 
was no effort to gloss over assumptions or to make com. 
promises. 
the problem, but they were not adopted without being 
carefully weighed. The great assumption was simply 
this: the average composition of the igneous rocks of the 
earth’s crust is equal to the grand average of all analyses 
that have been made. 

As a generalization, this can be accepted if two con- 
ditions are met: that the sampling be representative, 
and that it be perfectly random. Obviously, both con- 
ditions have only been approximated. However, it 
must be granted that, statistically speaking, the average 
composition of the igneous rocks is the limiting set of 
values approached by the grand average of all the 
analyses as the number of these analyses becomes 
larger and larger. It is also assumed here that the 
sampling approaches the ideal randomness as the 
number of samples becomes larger. 

This latter assumption was subject to the most vigor- 
ous objections. For example, it was claimed that most 
samples collected and subjected to chemical analyses 
were ‘interesting’? samples and, for that very reason, 
not typical or representative. Washington met this 
criticism head-on in his very readable paper, “The 
chemistry of the earth’s crust,’ published in the 
Journal of the Franklin Institute in 1920. These “in- 
teresting’ rocks, he argued, were formed from the 
original magma by a process of differentiation, there- 
fore they are complementary, and their average com- 
position will be that of the original magma. 

In general, it can be said that the principal conclu- 
sions and calculations of Washington and Clarke have 
stood up for more than half a century. A revision of 
the work, now in progress at the Survey, is not expected 
to resuic in a serious change in any of their values ex- 
cept for the “trace elements.”’ 

If we had been around in the 1880’s and some seer had 
told.us that one of the petrologists then active would 
one day succeed in analyzing the earth, who would have 
received our vote as the ‘‘most likely to succeed’”’? The 
chances are that we would have picked Hillebrand, the 
chemist’s chemist—probably the best analytical chemist 
of his day. It is likely that our votes for the two “least 
likely to succeed’’ would have gone to Washington, the 
wealthy dilettante, and to Clarke, the shy little chemist 
who didn’t like laboratory work. Time has shown, 
however, that the combined talents of these two men 
established an enduring record in the greatest analysis 
of all time. 


Some were inevitable by the very nature of §. 
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* JOHN DALTON’S GRAVE 


Joun Darton, the pioneer of the atomic theory in 
chemistry, was born at the village of Eaglesfield, near 
Cockermouth, in Cumberland, England, on the 5th of 
September, 1766. His family were members of the 
Society of Friends and are known to have resided on 
their small estate for at least three previous generations. 
Dalton was largely self-taught and worked as a school 
teacher in his own locality from the early age of twelve. 

In 1793 he settled in Manchester, which city became 
his home and the place of his wide scientific studies. 
Most of his discoveries and researches were announced 
and his original papers read to the Manchester Literary 
and Philosophical Society, whose premises he used al- 
most as a club, when he was not working in his labora- 
tory or conducting his classes in chemistry. 

He was president of this society for 28 years and a 
member for half a century, and his executors gave most 
of his original manuscripts and apparatus to its mem- 
bers for exhibition and safe keeping. 

Unfortunately the premises in George Street, Man- 
chester, were completely destroyed by enemy action in 
the winter of 1940, and the contents were entirely lost. 
A couple of boxes of material collected from other 
sources are reported to be lodged in the cellars of the 
Christie Library at Manchester University, but their 
contents are understood to be of little interest or value.’ 

The citizens of Manchester, though slowly develop- 
ing an interest in matters scientific, were even slower in 
recognizing the eminence of Dalton in the world of 
science, although his work became recognized early in 


1 Communicated privately to the present author by the Joint 
Honorary Secretary of the Literary and Philosophical Society, 
Manchester. 


John Dalton’s Gravestone, Ardwick Cemetery, Manchester, England 


T. LENTON ELLIOTT 
Widnes, Lancashire, England 


France and Germany as being highly important. 

It is worthy of note that Dalton was honored by the 
French Academy of Science in Paris before he was 
elected a Fellow of the Royal Society in London. 

Dalton died on the 27th of July, 1844. He had be- 
come partially paralyzed in April, 1837, and was an 
invalid from that time, but able to get about with the 
aid of a stick. : 

To make amends for tardy recognition of his attain- 
ments the municipality of Manchester decided to give 
Dalton a public funeral which took place on Monday, 
the 12th of August, 1844. The coffin was placed in a 
room in the Town Hall for three days previously, and 
contemporary records state that it was visited by over 
forty thousand persons. The funeral cortege was 
made up of nearly one hundred carriages, and four 
hundred police were on duty along the route to Ardwick 
Cemetery. All the public bodies in Manchester and 
Salford were represented.” 

The cemetery is now surrounded by buildings and 
obscured. It has been unused for several years. Few ° 
Mancunians know of its existence, and it is not even 
marked on recent maps of the city. There is at present 
(1952) a movement to schedule the cemetery as an 
“ancient monument” under Government control. 

Dalton’s grave is a large vault covered with heavy 
flagstones. The enclosure is about twenty feet square 
with a boundary of heavy iron railings painted a bronze- 
green. The monumental tomb is of red polished 
granite; the name “John Dalton”’ in five-inch capitals 
is on the top flat slab. The dates of birth and death 
appear in smaller lettering on either side. All letters are 
deeply carved. There is no other embellishment. 

Owing to the war no public celebration of the cente- 
nary of his death was held in 1944, but a few years ago 
the members of the Manchester Literary and Philo- 
sophical Society had the grave cleaned and the rails 
painted as their contribution to his memory.* 


2? The principal source of information on John Dalton is in 
‘‘Memoirs of the Life and Scientific Researches of John Dalton,” 
by W. C. Henry, printed for the Cavendish Society, by Harri- 
son & Sons, London, 1854. Dr. Henry was a life-long friend of 
Dalton and his official biographer. He assisted at the post- 
mortem, and has much to say on the formation of the brain. 
The book has intimate details of Dalton’s life, with facsimiles 
of his hand-writing, etc., as Appendix. 

3 Recent references to Dalton arising from the centenary of 
his death are to be found in the following: 


Potanyl, M., ‘Reflections on John Dalton,’’ Manchester Guard- 
ian, July 22, 1944. 

“Dalton and his Atoms,” editorial, Chemistry & Industry, Aug. 5, 
1944. 

“John Dalton Centenary,” ibid., 1944, 376 (Oct. 28). 
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Tue design of a suitable course of mathematical in- 
struction for undergraduate chemists is a problem 
which undoubtedly crops up in one form or another 
in the majority of science faculties! and yet there seems 
to be lacking any clear guidance or direction in the way 
of textbooks or similar material for a design of suitable 
courses—from the point of view both of subject matter 
to be included and its manner of presentation. Pure 
mathematics, however well taught, does not appear 
to be easily applied by students to chemical problems 
and some assistance seems to be necessary in order to 
demonstrate the application. In the hope that our 
own experience may prove useful or interesting we fur- 
nish here some details of the approach adopted in the 
School of Applied Chemistry of the New South Wales 
University of Technology. 

The undergraduate course leading to a B.Sc. degree 
(Applied Chemistry) at this University is of four years’ 
duration—the first and fourth years requiring full- 
time attendance, the second and third years, part-time. 
It is during these two part-time years, when the under- 
graduates are employed in industry and do most of their 
academic work in the evenings, that the two courses 
here described (Mathematical Chemistry I and Mathe- 
matical Chemistry II) are presented. As a basis for 
his instruction in these courses, the student has re- 
ceived in his first year 116 lecture hours and 68 tutorial 
hours in formal mathematics (calculus, solution of ele- 
mentary differential equations, etc.) as well as 102 
hours in each of general chemistry and physics. The 
latter, of course, involve a certain amount of applied 
mathematics particularly in the form of solution of 
problems. First year, then, provides a sufficient frame- 
work for the realistic application of mathematical and 
statistical methods while those subjects taken concur- 
rently in second and third year (particularly physical 
and analytical chemistry—both theoretical and prac- 
tical) provide further material on which to work. 

Most chemists—undergraduate or graduate—spend 
much of their time recording, tabulating, and interpret- 
ing results. Few, on the whole, will be engaged in 
research work which involves special knowledge of 
mathematical operational methods requiring more than 
the elementary principles of differential and integral 
calculus. Thus it would appear that any course in 
mathematics for chemists (as distinct, perhaps, from 
chemical engineers) should be concerned with the treat- 
ment of data rather than with the extension of formal 
mathematics to some of the more elaborate problems 


1 See, for example, Wiiutams, H. B., J. Cuem. Epuc., 29, 77 
(1952). 
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encountered in certain restricted fields of theoretical 
chemistry and chemical engineering. However, there 
are some aspects of theoretical chemistry which seem 
to call for emphasis on the mathematical side, generally 
because it is useful to drive home to the student, for 
purposes of manipulation, some similarity in the mathe. 
matics of apparently unrelated or, at least, widely 
separated topics (e. g., exponential relationships occur 
ring in chemical change, photometric analysis, cooling, 
washing and drying of materials, etc.). In addition 
certain material may be more conveniently included in 
such courses as these we are discussing rather than ina 
normal series of lectures (e. g., the integration of rate 
equations which adds little to a discussion of kinetics 
in physical chemistry). 

Thus, our problem ‘What to teach?” may be for- 
mulated “What aspects of the theory and practice of 
chemistry to emphasize,’ and the content of the two 
courses has accordingly been selected with an eye to 
the general needs of the student for such emphasis 
and without reference to the more specialized require- 
ments of research workers. Because of this and be- 
cause such material is probably better presented by 
chemists? than mathematicians, the title “mathematical 
chemistry” has been considered appropriate. For 
practical purposes, the work is divided into two equal 
parts, non-statistical and statistical, respectively, and 
to a description of these parts and to an account of our 
ideas concerning them we now proceed. 


MATHEMATICAL CHEMISTRY I 


Mathematical Chemistry I covers a wide range of 
subject matter, and so far we have been unable to 
locate a general reference book of a sufficiently compre- 
hensive nature and yet of a form suitable for use as a 
textbook by second-year undergraduate students. 

The content of the course and the order of presen- 
tation of the sections are as follows: 

General Chemical Calculations.* Most of the prob- 
lems in this section are of the type involving the laws 
of chemical equilibrium, e. g., calculation of yield from 
K, and K,. Similar exercises concerned with solubility 
product, pH of solutions, and so on are not given as it 
is felt that these are more appropriately treated in 


physical, inorganic, and analytical chemistry lectures. | 


? The authors are lecturers in physical chemistry. 
’ Texts recommended to students for general reading are: 
Basor, J. A., anp G. W. TuressEn, ‘How to Solve Problems in 
Physical Chemistry,” Thomas Y. Crowell Co., New York, 1944. 
Situ, S. J., “Advanced Chemical Calculations,” Macmillan 
and Co., Ltd., London, 1950. 
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Where yield problems, etc., lead to higher degree alge- 
praic or transcendental equations, solution is carried 
out by the Newton-Raphson or interpolation methods. 
Miscellaneous applications of mathematics also find 
their place here. The use of determinants in the follow- 
ing problem provides a simple example: 
Problem: It is required to make up 100 lb. of an aqueous 


solution of composition X, from liquors A, B, and C only. What 
mass of each liquor would be necessary? 


Liquor NaCl NaBr Nal 
5.0 5.0 5.0 
Compositions 
C 0 3.0 8.0 


(All figures represent per cent w/w.) 


Solution: Let a, 6, and c, represent the 
pounds of liquors A, B, and C, respectively. 
In order to fulfill the specification of NaCl: 


required mass in 


8.0 5.0 eo 5.0 
+ 100° j00° -m*™ 
(Mass_ of (Mass of (Mass of (Mass of 
NaCl in NaCl in NaCl in NaCl in 
soln. A) + soln. B) + soln.C) = soln. X) 
ie,8.0a + 5.06 + 0c = 5.0 X< 100 
Similarly for NaBr and Nal: 
5.0a + 8.06 + 3.0c¢ = 5.0 X 100 
40 + 3.06 + 8.0c = 5.0 X 100 
Or an alternative equation to any one of these three is: 
a+b+c = 100 
solving for a from the first, second, and fourth equations, 
500 5.0 0 | 
8.0 3.0; 
‘100 1 1 | 
a> = 50 
8.0 5.0 0 | 
8.0 3.0 
1 1 | 


inasimilar fashion, b = 20 and c = 30. 
It is instructive for the student to speculate on the meaning of 
possible negative values for a, b, or c. 


Treatment of Experimental Data. The discussion is 
non-statistical. There are introductory remarks on 
significant figures and the collection, arrangement, and 
presentation of data in tabular and graphical form, 
students being remarkably weak in this simple but 
nevertheless necessary work. Attention is then given 
to the problem of expressing results in the form of 
empirical equations, fitting being carried out graphi- 
tally, by the methods of averages and selected points. 
Semi-log, log-log, normal algebraic, and _reciprocal- 
type relationships only are considered as these are of 
most common occurrence in chemical problems. The 


rough smoothing of data by a semigraphical procedure - 


is explained and this is finally followed by a discussion 
of tabular and graphical methods of interpolation, 


‘Recommended for general reading are: Worrutne, A. G., 
4nD J. Gerrner, “Treatment of Experimental Data,” John 
Wiley & Sons, Inc., New York, 1943. 

Davis, D. §., “Empirical Equations and Nomography,” Mc- 
Graw-Hill Book Co., Inc., New York, 1943. 


571 


extrapolation, differentiation, and integration. Here, 
the subject matter has been found better appreciated 
by the student when it is presented in semitutorial 
form, and when a few only of the more convenient meth- 
ods are chosen from the host of confusing alternatives 
available in this field. 

Differential Equations.’ The treatment is limited to 
processes of the first (natural growth or decay) and 
second order only, as we are of the opinion that the 
average chemist (in contrast to the chemical engineer) 
will rarely require any more advanced knowledge in 
this field. Presentation is much the same as that of 
Hitchcock and Robinson in chapters one to three of 
their text. The student learns that first and second 
order changes occur not only in chemical kinetics but 
also in such apparently diverse fields as cooling, absorp- 
tion of light, washing and drying of porous materials, 
continuous addition to solutions contained in tanks, 
and so on. 

Dimensional Analysis.6 In many cases, where the 
setting up and solving of a differential equation may be 
a matter of considerable difficulty, dimensional methods 
are useful. Buckingham’s theorem is discussed (with- 
out any attempt to give a rigid proof) and this nat- 
urally leads to the concept of dynamic similarity and 
its use in model design, etc. Most of the examples 
given have been chosen from those sections of physical 
chemistry which follow closely the ideas and laws of 
classical mechanics, e. g., gas laws, diffusion, fluid flow, 
systems of forces, surface tension (selected in the main 
from the texts of Bridgman and Langhaar), but it is 
hoped later to introduce problems with a stronger 
chemical bias following some of the suggestions out- 
lined by Edgeworth-Johnstone.? 

Miscellaneous Physical Problems. We deal here with 
one or two topics which are, for reasons given above, 
difficult to include in the normal course of lectures; 
for example, Maxwell’s distribution law and the Debye- 
Hiickel theory are treated at the present time. It is 
our experience that topics of this nature are a source of 
constant trouble to the undergraduate, particularly 
because of the varying forms of presentation and de- 
grees of approximation followed by different authors. 

In the case of Maxwell’s equation, there is confusion 
between the application to molecular energies and ve- 
locities and between the differentiated and integrated 
forms. In an attempt to rectify this position we have 
proceeded as follows: The differential velocity equa- 


5 For general reference: Hircncock, F. L., anp C. S. Rosin- 
son, ‘Differential Equations in Applied Chemistry,” John Wiley 
& Sons, Inc., New York, 1950. 

For advanced reading: SHERwoop, T. K., anv C. E. Resp, 
“Applied Mathematics in Chemical Engineering,” McGraw- 
Hill Book Co., Inc., New York, 1939. 

6 For general reference: BripaMan, P. W., ‘Dimensional 
Analysis,” Yale University Press, New Haven, Conn., 1931. 

For more advanced reading: LaNnaHaar, H., “Dimensional 
Analysis and Theory of Models,” John Wiley & Sons, Inc., 
New York, 1951. 

7 EDGEWORTH-JOHNSTONE, R., Trans. Inst. Chem. 
(London), 17, 129 (1939). 
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tion is presented without proof but its exponential 
nature is justified on general grounds. Manipulation 
of the equation leads to expressions for the mean, the 
mode, and the R.M.S. velocity, and rearrangement 
gives the form of distribution of molecular energies, 
the latter being graphed for a given temperature. By a 
process of graphical integration, the curve giving the 
fraction of molecules with energy in excess of a certain 
amount is constructed, and its shape compared with 
that of the approximate relationship: 


Similar comparisons are then made with the more exact 
expressions obtained by formal integration. 

Discussion of the Debye-Hiickel theory follows a 
conventional pattern.’ Having presented the picture 
of the ion-atmosphere surrounding a chosen central 
ion, the required relationship between the electrostatic 
potential and the distance from the central ion is ob- 
tained in the usual way by application of the simple 
Boltzmann law, and substitution in and solution of the 
Poisson differential equation after suitable approxima- 
tion for the exponential terms and consideration of the 
boundary conditions. Finally follows a discussion on 
the significance of the term “x.” For the sake of mathe- 
matical simplicity the theory is applied only to a uni- 
valent electrolyte solution. 


MATHEMATICAL CHEMISTRY II 


The course in statistical methods would be described 
by Professor Wilks® as ad hoc and as such suffers from 
certain general disadvantages which we discuss later. 
However, we may say that, although students com- 
mence their third year unable to calculate or use any- 
thing beyond an arithmetic mean, they should be suf- 
ficiently mature to sustain fairly detailed instruction 
in a comparatively short time without the necessity 
for intensive drilling in computational procedure. 

In contrast to the earlier subject our concern here is 
with practical, not theoretical, aspects of chemistry 
and we have more guidance from the literature in the 
design of lectures. A few books (especially those by 
Davies, Youden, and Brownlee’) and published lec- 
tures,!! which have appeared in recent years, deal with 
the practical application of statistical methods to data 


® See, for example, Guasstong, S., ‘‘Introduction to Electro- 
chemistry,’”’ D. Van Nostrand Co., New York, 1942, p. 80. 

® Wixks, S. S., ‘‘Undergraduate statistical education,” J. Am. 
Stat. Assoc., 46, 1 (1951). 

10 Davigs, O. L., Editor, ‘Statistical Methods in Research and 
Production,” Oliver and Boyd, London, 1947. 

Youpren, W. J., “Statistical Methods for Chemists,’ John 
Wiley & Sons, Inc., New York, 1951. 

Brown ez, K. A., ‘Industrial Experimentation,” 4th ed.. His 
Majesty’s Stationery Office, London, 1949. 

Tippett, L. H. C., “Statistical Methods in Industry,” 
British Iron and Steel Federation, 1943. 

Reap, D. R., “Statistical Methods with Special Reference to 
Analytical Chemistry,’”’ The Royal Institute of Chemistry, 
London, 1951. 
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of the type with which an industrial chemist might lp 
concerned. Of these, Davies’ “Statistical Methods” js 
the most balanced and the proportion of time devote 
to the various sections, detailed and discussed briefly 
below, agrees roughly with the weighting given in tha 
book. Youden devotes over half his text to the appli. 
cation of analysis of variance, and Brownlee’s “Ip. 
dustrial Experimentation” is naturally even more bi- 
ased in that direction. 

Introduction (classification of data, frequency dis. 
tributions; condensation of data, computation of 
measures of location, dispersion, skewness, aad kurto. 
sis). The main point to be decided at the outset is 
whether to confine the treatment to small analysis (as 
Youden does) or to include large sample analysis as 
well. In the laboratory, at all events, the former is of 
major importance, but students are introduced to the 
handling of large samples as well, not only to lend point 
to the discussion of various types of frequency distri- 
butions but also because problems involving large 
numbers are not uncommon. In this work the ordi- 
nary grouping and coding procedure for computation is 
used, and in addition, the cumulative procedure illus- 
trated in the A.S.T.M.'? Manual, which is so con- 
venient, especially when adding but not calculating 
machines are available, that its omission from standard 
texts seems both surprising and unwarranted. There 
is much to be said for such short-cut methods in a course 
of this kind, even when their mathematical basis is 
not presented and their reasonableness is less obvious 
than commoner procedures. (Note also, the use of 
the range in tests of significance'* and of the method of 
orthogonal polynomials applied to the fitting of linear 
regression equations.) 

Theoretical Distributions (binomial, Poisson, normal; 
characteristics of the normal distribution; sampling 
distributions). Many of the fundamental relation- 
ships used, e. g., the equation of the normal distribution, 
are not derived here or in the lectures on general mathe- 
matics. Nevertheless, formal derivations are usually 
unconvincing or quickly forgotten and we take the view 
that “a fine mathematical grounding in statistics” is 
no necessary prerequisite of ‘‘an adequate grasp of the 
ways in which measurements behave.’’'4 

The procedure adopted is to illustrate the application 
of the binomial theorem to two simple and clear-cut 
distributions—coin tossing and dice-rolling—and to 
show that modification may be expected to yield the 
normal and Poisson types, while the normal distribu- 
tion itself is examined by an investigation of the prop- 
erties of random samples. In this section of the work 
a rectangular universe (1 to 100) is sampled by taking 
groups from Fisher and Yates’ table of random num- 


bers. In a typical experiment, 50 samples of five are 


drawn and the distribution of means, standard devia- 


12 A.S.T.M. Manual on Quality Control of Materials,” AS. 
T.M., Philadelphia, 1951, pp. 18-20. i 

13 Dixon, W. J., AND F. J. Massey, “Introduction to Statisti- 
cal Analysis,’””? McGraw-Hill Book Co., Inc., New York, 1951. 

14 YoupEn, W. J., loc. cit., p. v. 
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tions, differences between means, ¢’s and F’s are found. 
Such experiments are described in many texts but 
Fisher and Yates’ numbers are most accessible and con- 
venient to use and their randomness is easily appreci- 
ated. The experimental sampling distributions com- 
pare well with the theoretical (assuming normality) as 


‘far as standard errors are concerned and, although their 


form may be far from regular, the agreement is quite 
satisfactory as a demonstration, showing also that con- 
siderable departure from normality on the part of the 
sampled universe may be tolerated. Shared between 
members of a class this work does not take long and 
provides useful practice in common operations as well 
as a background for tests of significance. 

Tests of Significance, etc. (tests based on t and F 
distributions; quality control; confidence limits of 
means, weighted means, presentation of data; par- 
tial differentiation and propagation of error; attri- 
butes and tests based on x”). It is our experience that 
with this backgrourtd the common tests of significance 
and quality control techniques are easily understood. 
Not very much time is spent on quality control, es- 
pecially as the finer details are so well illustrated in the 
standard manuals and many recent monographs on 
the subject, thus leaving room for miscellaneous but 
still important topics. The A.S.T.M. Manual on 
Quality Control is followed in matters relating to pres- 
entation of data (expression of results, rounding off, 
ete.) where some standardization seems desirable.'® 

Correlation, Regression, and Variance Analysis (sim- 
ple correlation and regression (linear relationships), 
tests of significarice and confidence limits; partial 
and multiple correlation; fitting of polynomials; 
miscellaneous applications of partial differentiation; 
one, two, and three variables of classification; appli- 
cation of variance analysis to regression). In a course 
of this length the problem of division of time between 
work on regression and work on design must be faced. 
In our opinion, much of the “naturally occurring” 
data with which chemists are likely to have to deal 
lends itself to correlation and regression rather than to 
variance analysis, and consequently the former are 
covered more thoroughly. The analysis of variance 
is confined to its more straightforward applications 
(up to three variables of classification, and in regres- 
sion) and the elaborate aspects of “design of experi- 
ments” are omitted. 

Sampling and Specification. The last section is 
brief, and again in the nature of a compromise. Much 
of the literature accessible to students deals with sam- 
pling of attributes and one may doubt if industrial chem- 
ists encounter problems of this type very frequently. 


Furthermore, extensive tabular aid is available as is - 


the case with quality control. On the other hand, 
sampling of variables, particularly from powders, 
magmas, and the like, while cropping up more often, 
teceives special attention where it is of major impor- 


*Concerning quality control also, the A.S.T.M. Manual is 
followed, since it is accepted by the Australian Standards As- 
seciation. 
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tance (in mining and metallurgy courses). In this 
course a brief general survey is given which serves to 
introduce students to the literature and to give them 
some idea of the factors involved. 


CONCLUDING COMMENTS 


In all this work the problems given are relevant to 
various fields of chemistry. The students’ familiarity 
with the fields of application has at least two advan- 
tages: first, he is in a position to query the reason- 
ableness of his results, and is aware of the necessity 
for checking them where possible against published 
data or his own previous findings, and secondly, he 
should have sufficient sense of proportion to select the 
appropriate method from several of varying degrees 
of approximation, 7. e., to choose between time and 
accuracy. 

One disadvantage under which we labor is the time 
factor, and consequently we are compelled to omit 
much which we think could be included with advantage 
(probably a very general feeling on the part of univer- 
sity lecturers). In particular, we are not in a position 
to introduce further basic mathematics -and must 
therefore build only on what has previously been 
taught. 

This is particularly so in the case of our statistical 
instruction which, in the words of Professor Wilks, is 
no more than ad hoc training for immediate purposes, 
inadequate for long range needs, piecemeal, and built 
on poor foundations. It seems true here, as in the 
United States, that earlier training at least in the ele- 
ments of the subject is most desirable, not only for 
the practical purposes of computation but also as a 
downright mechanical and useful introduction to logi- 
cal thought applied to numerical data for the purpose 
of arriving at valid inferences—for finding out, for 
example, just what a set of measurements really means. 
However, modification along these lines—extension of 
statistical instruction back into first-year mathematics 
and high-school courses—is clearly beyond our power. 

It is within our scope to rearrange and redistribute 
the material between the two years; the elementary 
sections of statistical methods might with advantage 
be moved forward and some topics in applied mathe- 
matics treated later. The advantage of the present 
arrangement is simply that material is grouped accord- 
ing to type rather than complexity and this means the 
student is kept in mind of things mathematical in the 
first course and things statistical in the second. The 
advantages of the rearrangement would be, first, that 
the two courses could be better graded in degree of 
difficulty (not felt to be important), and, secondly, 
that the subject matter would follow concurrent courses 
more exactly——could be taught at just about the time 
it is required elsewhere. 

Nevertheless, however arranged, the content of the 
two courses appears to us to be a necessary part of 
undergraduate instruction, and one which we believe 
could be usefully extended, even at the expense of 
other subjects. 
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EVALUATION OF COLLEGE STUDENTS’ At V 
evaluat 
This let 
G. N. QUAM itation 
Villanova College, Villanova, Pennsylvania name, | 
the dat 
‘tail, ch 
‘ ip gr 
F'or many years the importance of scholarship grades Table 1 tabulates the evaluation qualities used by tall 
loomed so large as to give the undergraduate student eight colleges which are indicated by Roman numerak, h 
ate 
a false sense of values. Perhaps a great share of the The eight colleges arranged alphabetically are: Gettys. instruc 
blame must rest: first, with medical schools who strove burg College, Iowa State College, M. I. T., Michigan his nar 
to skim off that upper level of superior students (based State College, Ohio State University, University of which ¢ 
on the scholarship records); second, with the graduate California, University of Florida, and Washington State of the 
schools who wanted their share of this superior group; University. The order of importance shows great va- tions. 
and lastly, with the industries. The many misfits that riation. In each of the complete forms the comma with su 
appeared among these “‘A students’ apparently led each practice is to rate each quality as superior, above The stt 
group to re-examine and revise their systems of apprais- average, average, below average, or unsatisfactory. latter i 
ing candidates with the result that many evaluation Few medical schools presented formal evaluation} i, the 
forms have been devised. Many teachers have been forms but all were highly in favor of the procedures} etaile 
called upon to rate a student’s personal characteristics, summarized here. hands 
such as integrity, native ability, industry, initiative, co- The striking resemblance of some of the forms used by qualiti 
operation, personal appearance; his educational charac- _ the industries, Table 2, shows the influence of the people F ments 
teristics beyond scholarship such as comprehension, that hire our students. Here again considerable grop-F the stu 
scientific curiosity, laboratory technique, report writing, ing is evident; e. g., leadership is last in I and first in II, } and ot] 
etc., etc. There are times when such inquiries involve _ scholarship holds first place in I and III while VI and gation. 
an alumnus unknown to any members of the current VII give first place to appearance. Initiative appears} g¢uden 
staff. In such cases the usual transcript of course in seven forms and cooperation in six. The industries} enters 
grades is the only source of information, which inciden- represented are: American Cyanamid, Commercial § py oth 
tally may be already in the hands of the inquirer. Solvents, Corning, DuPont, General Electric, Johns The se 
The great variety of evaluation forms indicates that Manville, and Merck. Two divisions of one appear in§ which 
we are still groping for an over-all useful, simple, work- Table 2. ; a 4 
able procedure. The many qualities considered may be From these summaries we can conclude that the} ofectiy 
summarized from the forms appearing in Table 1. undergraduate college is faced with the problem of} ¢hemis 
From their frequent appearance we may conclude that gathering necessary evaluation data through teachers } are key 
cooperation, ingenuity, initiative, integrity, judgment, who are actively observing the students. Some large } for go¢ 
personality, and scholarship should receive the most colleges contend that they have too many undergradu- | yiged - 
careful consideration. ate students to attempt such a program while others | makes 
much larger have set up very elaborate systems. The | for “p 
need is obvious to any teacher who has been called upon} 
1A résumé of papers presented at the Philadelphia Fifth F : ur 
Meeting-in-Miniature, January 29, 1953, and the Pennsylvania to fill out an evaluation fi —. Unless the form is very 
Association of College Chemistry Teachers Conference, Bucknell _ brief, simple in construction, and easily filled out we can- 
University, April 18, 1953. not hope to get best results from busy teachers. 
TABLE 1 Trend i 
Evaluation Forms Summary (Colleges) ‘ schol 
tegrit 
I II Ill IV Vv VI VII Vill na 
Appearance Initiative Scholarship Personality Scholarship Judgment Scholarship Scholarship — 
Poise Perserverance. Cooperation Appearance Integrity Mentalalertness Integrity Industry fesech 
Leadership Intellectual Industry Judgment Industry Attitude Industry Initiative — > 
Initiative power Capacity for Cooperation Personality General Laboratory Cooperation Bevtie 
Resourcefulness ~ ae future de- Integrity Cooperation quality technique Responsibility stabi 
Cooperation skill velopment Application English of intelligence English Emotional lebder 
Judgment Resourcefulness Initiative Scholarship Laboratory Maturity stability 
Intellectual Remarks of Attitude Originality technique Dependability Extracurricular 
keenness instructor Health Cooperation activities 
Scholarship Judgment Manners Remarks of 
Remarks of Ingenuity Presentability instructor 
instructor Initiative Personality 
English 
Physical vigor 
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At Villanova we have made many revisions of our 
evaluation form. The figure shows our latest effort. 
This letter-size form is passed out to the students in rec- 
itation or laboratory section. Each student writes his 
name, his year in college, his major field of interest, and 
the date. The purpose of the form is explained in de- 


‘tail, chiefly to convince him that even though scholar- 


ship grades are very important they do not necessarily 
measure the whole student to the satisfaction of gradu- 
ate schools, professional schools, and industries. The 
instructor calls in the papers and in his free time enters 
his name, course, and date following the key number 
which designates his record. The familiar letter grades 
of the college are used, with some broader interpreta- 
tions. Some factors, such as integrity, cannot be rated 
with such fine distinction as to call for letters B, C, or D. 
The student is either outstanding or questionable. The 
latter in particular should be supported by statements 
in the remarks column. To gain uniformity a set of 
detailed instructions and explanations must be in the 
hands of each instructor. In the remarks space other 
qualities to be watched are suggested. Special state- 
ments by the instructors are very helpful in presenting 
the students’ qualifications to the schools and industries 
and other agencies such as the Federal Bureau of Investi- 
gation. As the instructor becomes familiar with his 
students he records his impressions; if he is not sure he 
enters an X. In order to avoid the influence of rating 
by other instructors new sheets are issued each time. 
The secretary transcribes all records to the master sheet 
which is filed. The fewer students who take two or 
more courses are better known and as a result more 
effectively appraised. The records of those majoring in 
chemistry are filed in the students’ folders; all others 
are kept alphabetically arranged. A uniform procedure 
for securing identifying photographs has not been de- 
vised to date; in the meantime a set of yearbooks 
makes possible the entry of year and page in the space 
for “photo.’’ 

Our evaluation data has given us a feeling of sureness 
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and fairness in making up reports for graduate and pro- 
fessional schools and the industries and in assisting 


representatives of the F. B. I. 


Our immediate uses on 


VILLANOVA COLLEGE 
Class in college 
School year date 


Rate each item in column under 
A= superior, outstanding; Be above ave.; 

ave., good; D = below ave., poor, questionable; 
F = unsatisfactory, very weak; X = undetermined 


PERSONAL CHARACTERISTICS 
1 2 3 


DEPARTMENT OF CHEMISTRY 


Pr. So. Jr. 


Course-major (Chem,, Ch.E., M.E., etc.) 


Zour _key number: 


5 


Sr. 


photo 


Integrity... 


Industrysesss 


Initietive.... 


Cooperation... 


Personality... 


EDUCATIONAL CHARACTERISTICS 
1 2 3 


Scholarship... 


Scientific 
aptitude..... 


Comprehension. 


Lab, technique 


English, writ- 
ten (report 


writing).... 


6 REMARKS: (Use back of 
this sheet if necessary 
for comments on temper- 
ament, maturity, speech, 
appearance, poise, 
tional stability, lead- 
ership, capacity for 
future development, etc.) 


emo- 


Key 
Number 


Instructor 


Course 


Date 


wl vo] 


the campus are: (1) preparing reports to the Deans on 
the students who are delinquent, (2) giving our impres- 
sion of a student to other departments we service, such 


as the engineering groups. 


We are always hoping to 


simplify our procedure still further in order to make this 
added job as effective as possible. 


TABLE 2 
Evaluation Forms Summary (Industry) 
I II Ill IV V VI Vil Vill 
Trend in Leadership Scholarship Common Effective Personal Appearance Scientific 
scholarship Industry Judgment sense intelli- appearance Judgment aptitude 
Integrity Ingenuity Initiative Integrity gence Personality Emotional Experimental 
Personality Judgment Cooperation Industry Imagination Ora] English maturity skill 
lnitiative Cooperation Outside Initiative Adaptability Initiative Leadership Scholarship 
Poise activities Leadership Initiative Intelligence Initiative Comprehension 
Speech Originality Cooperation Alertness Breadth of 
Cooperation Personality Industry Cooperation interest 
Emotional Technical Integrity Technical Originality 
stability ability Enthusiasm ability Initiative 
Leadership Emotional Report writing 
stability Adaptability 
Cooperation 
Maturity 
Leadership 
Integrity 
Intelligence 
Ambition 
Health 
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Invesrications of the gold content of sea water form 
a fascinating chapter in the history of chemistry. 
Many scientists, including Fritz Haber and Svante 
Arrhenius, have studied the problem, yet even to this 
day the form of the occurrence of the precious metal 
in sea water, the space and time variations in amounts, 


and the problem of profitable recovery challenge 


the chemist and oceanographer. 
THE SONSTADT-ARRHENIUS PERIOD (1872-1903) 


Numerous researches on the gold content of sea 
water followed the initial work of Sonstadt, who in 
1872 reported 65 mg. per ton (27). Munster (1892) 
found 5 to 6 mg. per ton in the Norwegian waters of 
Christiania Fjord (20). Sonstadt (1892) reported that 
he was then unable to duplicate his previous work 
(28), perhaps an illustration of an oceanographic 
principle that time is usually a dimension of truth. 
Liversidge (1895) found 30 to 65 mg. per ton in Austra- 
lian waters (18) and appreciable amounts in kelp, rock 
salt, and other saline minerals (19). Wagoner (1902) 
recorded 11 to 16 mg. per ton in the waters of San 
Francisco Bay (33) and a sample of sea water analyzed 
by Arrhenius in 1903 had 6 mg. per ton (1). 


HABER’S SEARCH FOR GOLD IN SEA WATER 


In the more modern era, one of the principal investi- 
gations was that of Fritz Haber, who made several 
thousand analyses and whose contributions were so 
well summarized by his co-worker, J. Jaenicke (16), 
and by E. Berl (3). 

Following the development of his synthetic ammonia 
process, believed to be a major factor in prolonging 
World War I for three years, and the development of 
gas warfare, Haber embarked on a study of gold in 
sea water.! His motive, that of evading payment of 
the German war debt, is recorded by Jaenicke: ‘He 
sought to spoil the lust of the enemy for gold... . 
A double triumph for the German people.” 

In this endeavor he was encouraged by Svante 
Arrhenius, whom he visited on the occasion of the award 
of a Nobel Prize to the great Swedish scientist (16) 
and who believed the gold concentration to be well 
within the range of profitable recovery. 

_ The last paper of Jaenicke (1/6) eloquently sum- 
marizes the results of Haber’s seven-year (1920-27) 


1 Yet E. Berl in 1937 wrote as follows (3): “The writer knows 
from Haber’s own lips how much he detested war and the horrors 
connected therewith. ... In 1915 he placed his services com- 
pletely at the disposal of his people, whose government, 19 years 
later, rewarded: him with such base ingratitude.’’ 


oo THE GOLD CONTENT OF SEA WATER 


GARTH L. PUTNAM 
University of Washington, Seattle, Washington 


Odyssey: ‘‘. . .the flower proved to be barren. 
hoped-for blessing of gold did not come about. 


The 
This 
was not due to lack of effort in developing technical 
methods but because nature itself denied itself to 


Haber. . .the amount of gold in sea water consists of 
about one-thousandth part of the amount said to be 
present.” 

Attempts to account for the failure are revealing: 
“Since the German fleet was reduced, it was necessary 
to use masked maneuvers to get samples of sea water. . . 
entrance to the sea was denied us. . .only a limited 
number of samples could be taken.”’ 

At first Haber determined gold in the estuaries of 
German rivers. The analyses indicated that the gold 
content was proportional to the salinity. In the middle 
of the sea it was believed that the gold concentration 
would be uniform. ‘Even to this day the riddle has 
not been solved as to why the earliest analyses yielded 
such high gold contents. ... It is possible but very 
improbable that the first samples were picked up from 
bodies of sea water of temporarily high gold content.” 


THE POST-HABER PERIOD 


Confirming Jaenicke’s observation that there are 
still unteachable blockheads who will not accept Haber’s 
pessimistic report as the last word, significant contri- 
butions have continued to appear. Three such studies 
are summarized in Table 1. 


TABLE 1 
The Gold Content of Sea Water 
Range of val- 
ues found (mg. 
of gold per 
cubic meter of 
sea water) Investigator Date Remarks 
3 to 20 Yasuda (35) 1927 Samples taken from 
Japanese coastal 
waters, not far from 
the Ramapo Depth 
Maximum, 0.1 Caldwell (6) 1934-35 17 samples were 
to 0.2 taken from Puget 
Sound and the Ore- 
gon coast. 
content determined 
by a modification of 
rt Yasuda method 
5). 
0.02 to 2.0 Stark (29) 1943 Highest values found 
off the Iberian 
coast. 


As shown by Table 1, there is still no agreement as 
to the concentration of gold in sea water. That some 
sea water has a relatively high gold content is confirmed 


576 


volear 
Japan 
positit 
of th 
bodies 
perhay 
diastr 
the tr; 


of thi 
inves' 
but a 
eleme 
than 
(31). 
ode 
ioe in coa 
eras ( 
tratio 
Basin 
currec 
more 
larger 
count 
* 
and b 
(30). 
study’ 
interes 
solve 
sea W 
rapidl: 
Since 
(9, 32 
It wa 
3X3. 
ys the pr 
of acic 
The 
to the 
capab] 


NOVEMBER, 1953 


by assays of deep-sea dredgings and of manganese 
nodules (26). And boiler scale derived from the waters 
of the Japanese coast assayed 40 to 200 mg. of gold 
per ton (15). 

It is unfortunate that Sonstadt, Haber, and other 
investigators have not only failed to consider the 
absorption of chloroaurate ion on glass vessels (2), 
but also have not appreciated the extreme variability 
of sea water with respect to biologically active trace 
elements (//, 13). Copper and iron vary over at least 
a tenfold range of concentration (30), and there is more 
than a hundredfold variation in the dissolved silicon 
(31). That gold is a biologically active trace element 
is shown by analyses of dried kelp (up to 1700 mg. 
per ton (29)), and by the concentration of gold in the 
leaves and twigs of several plants (7, 21, 34), as well as 
in coal ashes (12). 

Moreover, igneous activity in geologically recent 
eras (8) may be a possible source of the trace elements 
in sea water, and cause for variability in their concen- 
trations. Some 250,000 square miles of the Columbia 
Basin. were covered with lava, in places more than 5000 
feet thick (22), and even larger flows may have oc- 
curred on the ocean floor. Since sea water contains 
more than 60 times as much chlorine, and also much 
larger amounts of sulfur and boron, than can be ac- 
counted for by the weathering of rocks, much of the 
salt content probably resulted from igneous activity. 
Some of the world’s most important deposits of sulfur 
and boric acid are found near active volcanoes, chlo- 
rides also being characteristic of volcanic emanations 
(30). The phenomenally rich gold deposits of Cripple 
Creek, Colorado, were found in the cone of an extinct 
voleano (17). Even today, hot springs at Beppu, 
Japan (23), and at Steamboat, Nevada (4), are de- 
positing gold. It would seem possible that certain 
of the low level, submarine mountain-surrounded 
bodies of sea water, largely devoid of marine life and 
perhaps relatively stagnant (except for periods when 
diastrophic activity occurs) may act as reservoirs for 
the trace elements. 


EXPERIMENTAL 


Sea Water as a Gold Solvent. As the first step in 
studying the occurrence of gold in sea water, it was of 
interest to determine whether sea water could dis- 
solve gold. It was known that chlorine solutions in 
sea water dissolved the precious metal much more 
rapidly than do similar solutions in distilled water (24). 
Since marine atmospheres contain traces of ozone 
(9, 32), tests were made with ozone and sea water. 
It was found that a square of 23-carat gold leaf 
3X 3cm. X 0.1 micron dissolved in less than 12 hours in 
the presence of sea water and a 1 per cent ozone-air 
mixture, the ozone being an electrolytic preparation free 
of acid impurities (24). 

The solvent properties of sea water are probably due 
to the presence of ozone, or of organic compounds 
capable of forming stable complexes with gold. 
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Preliminary Studies. On numerous occasions during 
the past 14 years, samples of sea water of volume 3.5 
to 20 liters, have been tested by a modification of the 
Haber (/4) method. To each sample were added 3 
p. p. m. of sodium sulfide or of sodium polysulfide, and 
50 p. p. m. of ferric chloride. After the ferric hydroxide 
sludge had settled, requiring 6 to 12 hours, most of the 
supernatant liquid was decanted, the sludge filtered, 
dissolved in hydrochloric acid and chlorine water, 
and the gold reprecipitated by adding a few milligrams 
of mercuric chloride and an excess of hydrogen sulfide. 
The mercuric sulfide precipitate was filtered, ignited, 
and the gold content determined by the stannous chlo- 
ride method of Fink and Putnam (/0) using 5-ml. 
test tubes for the colorimetric comparison. When gold 


was added to sea water at a concentration of only 
0.5 mg. per ton, it could readily be detected by the 
above method. Numerous trials, in which gold could 
not be found, were made at Kure Beach, North 


Amalgamated silver-zinc couple used for testing the gold 
The couple had been immersed in sea water for 


Figure 1. 
content of sea water. 


30 months. 


Carolina; Marion, Massachusetts; Key Largo, Florida, 
at points 3, 6, and 12 miles from shore (the latter 
sample being taken from the Gulf Stream); sea water 
from a point 100 miles offshore from New York harbor; 
Bayshore, Long Island; Bandon, Oregon; and the 
Puget Sound area. In view of the above tests, as well 
as those cited in Table 1, it may be concluded that sea 
water ordinarily contains less than 0.5 mg. of gold per 
cubic meter. : 
Amalgamated Silver-Zinc Couple. In order to deter- 
mine whether a relatively high concentration of gold 
might obtain over a brief period of time at a shore 
installation, the amalgamated silver-zinc couple of 
Figure 1 was prepared. Since the couple continuously 
precipitates gold, a single test gives an integrated value - 
equivalent to thousands of qualitative determinations. 
The silver plate, 0.01 X 2 X 2 inches, was amalgamated 
and sandwiched between two plates of electrolytic 
zinc weighing about 120 g. each, the silver being 
spaced about 0.2 inch from the zinc with copper washers. 
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TABLE 2 
Tests with Amalgamated Silver-Zinc Couple 


Weight of Zinc Plates, Loss in 


Couple February, December, weight of Gold 
No. 1949 1949 zine, g. found, mg. 
4 235.4 203.1 32.3 5.8 
5 244.7 210.2 34.5 5.4 


All metals were tested for the presence of gold, no test 
being obtained. Five of the couples were installed 
at a level corresponding to a tide of —1.0 feet on the 
piers of the Friday Harbor (Washington) Oceano- 
graphic Laboratory, on June 23, 1949. Twenty 
months later, in February, 1951, three of the samples 
were removed. The silver plates were heated to a 
dull redness to remove most of the mercury, immersed 
in a 0.25 per cent sodium cyanide solution for one 
hour, and the cyanide solution analyzed (/0). Al- 
though the test would have shown the presence of 
0.005 mg. of gold, no test for gold was obtained. 

Continuing the project, on December 26, 1951, the 

two remaining couples were removed. Unlike the 
previous samples, the silver plates had a dull bronze 
coating, not destroyed by heating. When it became 
apparent that gold was present, four 20-liter samples 
of ocean water were obtained from Copalis Beach, 
Washington, and three 15-liter samples at Mutiny Bay, 
Washington. The carboys had never been previously 
used for any gold-containing 
fluids. The results obtained 
are summarized in Tables 2 
and 3. 
Three additional couples 
were installed on December 
26, 1951, and will be avail- 
able for future inspection. 

All of the analyses of 
Table 3 were made on Janu- 
ary 10, 1952. Water from 
the sea water storage tanks 
was used for control tests to 
demonstrate the absence of 
gold in the reagents and 
glassware. 

All of the available 
evidence substantiates the 
conclusion that the concen- 
tration of gold in sea water 
is exceedingly variable, a not 
unexpected result in view of 
the variability in concen- 
tration of other heavy met- 
als. The gold concentra- 
tion can vary through the 
range of 0.003 to at least 
44 mg. per cubic meter. It 
‘is hoped that continuation 
of the work will make pos- 


Washington. 


Figure 2. One of the docks of the Uni 
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sible the location and charting of the movement of the 
richer bodies of gold-bearing sea water, from which gold 
could be economically recovered. Not only should 


TABLE 3 
Analysis of Sea Water Samples 
Gold concentration per 
Location Date Time cubic meter, mg. 

Copalis Beach, 1/6/52 10 a.m. 5.1, 4.8, 5.2, 5.3; average 

Washington 5.1 
Mutiny Bay, 1/8/52 8a.m. 42, 46,43; average 44 mg. 

Washington 
Sea water storage 1/9/52 No test for gold obtained 

tank in 10 determinations, 


» Less than 0.5 mg. per 
cubic meter. 
* From storage tanks of the University of Washington Ocean- 
ographic Laboratory. 


such a study yield valuable geochemical information, 
but the profitable extraction of gold from sea water 
could lead to a better foundation for the currencies of 
the world. 
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» A PROBLEM ON THE ENERGIES OF MOLECULES 


In stupIEs in statistical mechanics and in the kinetic 
theory of gases much interest is centered on the energies 
possessed by the molecules in a gas, since a knowledge of 
such energies and the laws governing them is of import- 
ance not only of itself but in deriving information as to 
other properties of the gas. 

One quantity which one finds can be determined from 
the relations given is the most probable energy of the 
molecules—that is, that energy at which the largest 
fraction of the molecules will be found. The approach 
to the problem can be made in several slightly different 
ways, which lead, strangely enough, to different results 
and thus to an interesting and rather anomalous situa- 
tion. Let us consider three possible attacks. 

The first might well be through the use of the simple 
Boltzmann function, which states that 


Neg 


e—E/kT 


where N, is the number of molecules in a state of energy 
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E, Ny the number in a state of energy zero, and kT is the 
familiar product of the Boltzmann constant and the 
absolute temperature. This expression quickly shows, 
since N,z/N, is a fraction less than one for all energies 
greater than zero, that the energy at which there will be 
the most molecules, that is, the most probable energy, 
will be zero. Here then, E, = 0. P 

However, one might take another approach and use 
the Maxwell-Boltzmann function for molecular speeds, 
which is given by the relation: 


f(v)dv = Ate~™*/2kT 


where f(v)dv is the fraction of the molecules having speed 
in the small interval between v and v + dv, m is the mass 
of a molecule, and A is a constant equal to (m/2xkT)””. 

Determining the most probable speed from this expres- 
sion merely involves maximizing f(v) with respect to v, 
and this, of course, is most easily done by differentiating 
f(v) with respect to v, and setting the result equal to 
zero. Doing this, we get: 
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= _ my /kT = 0 
which, on removing the common factor, yields v? = 
2kT /m, where v is the most probable speed. This value 
for the speed we might use to determine the most prob- 
able energy, since the energy of motion is simply equal 
to '/gmv?. From the expression for v? we see then that 
in this case E, = kT’. 

There is still another way that the problem might be 
approached by the enterprising. Using the relation 
E = '/.mv’ and its differential, we can readily convert 
f(v)dv to f(E)dE, where the latter expression equals the 
fraction of molecules having energies in the small inter- 
val between EF and E + dE. This turns out to be: 


f(E)dE = (2E/m)'/: (1/m)e~ dE 
Maximizing f(E) as we did f(v) we get: 
= 4rA* (4/2) (2E/m) (2/m2)e~ 
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Clearing the expression of the common factors and 
multiplying through by (2E/m)'/? we see that: 


1/m = 2E/mkT, 
or that 
E, = '/.kT 


So, by three somewhat different methods, we find 
that there are three somewhat different values for the 
most probable energy of a molecule. One suspects that 
somewhere in at least two of the methods there is some 
sort of error. The question is, which of the results is the 
one that is acceptable, and where do the other methods 
fail to treat properly of the problem?! 

(It is obvious that here we consider only energy of 
translational motion. This sacrifices a bit of generality, 
but is of course necessary in view of the fact that the 
speed function gives information only about such 
energy.) 


1 A sequel to this paper will be published later. 


* THE VITAMIN C CONTENT OF WILD ROSE HIPS 


REcENT articles appearing in health! and gardening? 
magazines have stressed the importance of wild rose 
hips as a rich natural source of vitamin C. They pro- 
vide an important supply of this vitamin for Scandi- 
navians in particular, since these people do not have 
home-grown citrus fruits. A tabulation® of the rela- 
tive amounts of vitamin C in several varieties of wild 
rose hips ranked Rosa rugosa third in Vitamin C con- 
tent and led us to experiment with the large hips from 
the profuse growth of these species which lines the beach 
at our Teachers College on Long Island Sound. 

The extraction of the vitamin in the form of a sirup 
for canning was performed according to the recommen- 
dations in Prevention, July, 1952.4 One cup of chilled, 
minced rose hips, picked at the peak of ripeness, was 
added to 1!/. cups of boiling water and allowed to 
simmer for 15 minutes. The container was then sealed, 
to protect it from air, and allowed to stand at room tem- 
perature for 24 hours, after which the pulp was strained 
off and the syrup was stored in filled, sealed mason jars. 
During the entire process care was taken to prevent 


1 Prevention, 4, 17, 23 (1952). 

2 Ropate, J. 1., Organic Gardening, 20, 19 (1952). 
3 Tbid., p. 20. 

4 Prevention, loc. cit., p. 21. 
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contact with iron, copper, or aluminum metals, which 
are catalysts for the oxidation of vitamin C. 

The sirup was analyzed according to the directions of 
Dunn and Drell, by titration with 2, 6-dichlorophenol- 
indophenol. A 0.1 per cent solution of the dye was 
standardized by titrating against a standard solution 
of ascorbic acid, made by dissolving 50 mg. of ascorbic 
acid in 100 ml. of water. The rose hip extract was 
found by comparison to contain approximately 75 mg. 
of vitamin C per 100 ml. Other canned juices tested 
gave the following amounts of vitamin C per 100 ml. 
when analyzed by this method: grapefruit 35-50 mg., 
orange 40-50 mg., tomato or pineapple 20-25 mg. It 
is very probable that some of the vitamin was oxidized 
during the initial simmering period, and this might 
have been prevented by using an inert atmosphere, but 
we were interested to discover what the amount pre- 
served would be if the extraction were done as it would 
be in a kitchen without elaborate precautions. It was 
less than one-tenth of what is claimed for the fresh whole 
rose hips, but nevertheless much higher than for most 
canned juices. 

A nutrition experiment with guinea pigs was also 


’ Dunn, M. S., AND W. Drew, “Experiments in Biochem- 
istry,” McGraw-Hill Book Co., Inc., New York, 1951, p. 88. 
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carried out, which showed the rose hip extract capable 
of correcting the weight loss resulting from a diet de- 
ficient in vitamin C. 

Most articles stress the importance of using the fruit 
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at the peak of ripeness. A second attempt to extract 
the vitamin from 10-day overripe rose hips gave a 
sirup with only one-fourth the vitamin C content of 
the first batch. 


© 


* A MODIFIED SILVER TREE 


In A recent issue of THIS JouRNAL, D. I. Gleim!' dis- 
cussed the history, beauty, and elegance of silver trees 
as a means of demonstrating displacement reactions. 
It is the purpose of this communication to describe 


Figure 1. Tree Constructed of Sheet Copper 


a modified procedure for making silver trees that ena- 
bles quite large specimens to be grown. The fragility 
of the trees is minimized and the resultant structure 
bears striking resemblance to a snow-covered fir. 
Procedure: To make a tree 6 inches tall, a thin 
sheet? of copper, 6 X 6 inches, is folded in the middle 


'Guiem, D. I., J. Coem. Epuc., 30, 151 (1953). 
* Electrolytic copper may be obtained from any chemical 
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and cut diagonally, leaving a triangle, 6 X 3 inches, of 
double metal with the folded edge upright. The two 
sheets -are then cut into narrow strips horizontally 
from the diagonal to within '/, inch of the folded edge. 
The strips are then opened out to form the branches of a 
tree, as shown in Figure 1. The two lowest strips are 
wrapped about the trunk to form a base which is inserted 
in the hole of a rubber stopper. The tree is placed 
in a 2-liter beaker containing a 2 per cent silver nitrate 
solution. 


Figure 2. After Immersion in a Silver Nitrate Solution 
Figure 2, obtained forty minutes after immersion; 
shows the spectacular growth of a typical specimen. 


Watton, J.,H., ibid., 8, 303 (1931). 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


CHEMISTRY AT SAN FRANCISCO STATE COLLEGE, 1952-53 


Tue Spring meeting of the Northern Section of the 
PSACT was held at San Francisco State College. The 
program consisted of three discussions of current pro- 
grams atS.F.S.C. The topics were: 

(1) “The General Education Program,” introduced 
by Maurice Amsden, Associate Professor of Physical 
Science. 

(2) ‘The Chemistry Major’ by Stanley W. Morse, 

Chairman of the Division of Natural Sciences. 
‘ (3) “The General Secondary Credential in Physical 
Science” by Robert Stollberg, Associate Professor of 
Science Education. 

Notes on the three presentations follow herewith. 


GENERAL EDUCATION PROGRAM 


The General Education program at San Francisco 
State College now constitutes the lower-division re- 
quirement for all students entering the college as fresh- 
men. Asa result of numerous conferences, the faculty 
has developed a program based upon student needs, 
which are grouped under four broad classifications: 
individual development, socio-civic, home and family, 
and occupational studies. This has resulted in the 
establishment of a definite semester sequence of such 
offerings. Forexample: (a) The Low Freshman semes- 
ter required 10 units: personal and occupational de- 
velopment (3 units), basic communications (2'/, units), 
human biology and health (4 units), and physical edu- 
cation ('/2 unit). (6) The High Freshman semester re- 
quired 9 units and recommends 2'/. more: personal 
and occupational development (3 units), basic com- 
munications (2'/2 units), culture and society (3 units), 
physical education ('/2 unit), with creative arts (2 
units), and recreation ('/: unit) recommended. 

The objectives which pertained to science were or- 
ganized by the Natural Science Division into three 
courses totaling 10 semester units: Biology 1, the 
biology of man, 4 units; Mathematics 30, mathe- 
’ matics in human affairs, 2 units; and Physical Science 
34, the physical world, 4 units. These three Science 
Division courses are the prescribed units in science for 
graduation for all students entering the college as fresh- 
men. The only exceptions to this requirement are 
made for preprofessional students—medicine, dentis- 
try, pharmacy, veterinary medicine, etc.—and for those 
entering the Clinical Science program. These students 
may substitute regular college ‘courses in the life and 


physical sciences for the science courses of the General 
Education program. 


THE CHEMISTRY MAJOR 


All majors at San Francisco State are built upon the 
college General Education program or, if a student trans- 
fers to the college with 30 or more units, upon the 
State program of General Education. Since the State 
program is more flexible than the local college program, 
transfer students can more easily meet the needs of the 
chemistry major than students entering as freshmen. 
However, a well qualified entering freshman can com- 
plete both the general education program and the chem- 
istry major in four years if his four-year academic 
program is well planned. 

There are no course requirements in mathematics or 
foreign languages. It is recommended, however, thata 
reading knowledge of German or another foreign lan- 
guage be obtained by any student planning to take ad- 
vanced work in chemistry. A working knowledge of 
the calculus is necessary. The student may achieve 
these two competencies either by individual study or by 
courses taken as electives. These courses are not listed 
in the present chemistry major program. 


Minimum Chemistry Major Requirements for A.B. Degree (Units) 


Year of general inorganic including qualitative............ 10 
3 
Electives from upper division chemistry.................. 9 

36 


It is believed that the establishment of a minimum 
major draws more liberal arts students into the field, 
some of whom become interested in continuing the work 
after graduation, either by working in chemistry or do- 
ing graduate work. Students with the minimum 
major would seldom be recommended for a position 
and, naturally, never for graduate work. 

The typical major student will probably include these 
electives: advanced organic (3 units), organic analysis 
(3 units), advanced inorganic (3 units), physical 
chemistry including physical chemical measurements 
(5 to 8 units), advanced quantitative analysis (3 units), 
and probably some work in biochemistry or industrial 
chemistry. Many students include physics courses 
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gch as electrical measurements, thermodynamics, or 
modern physics. This work, although not required, is 
taken as elective units through advice. 

The chief difficulty for entering freshmen is the block 
of 10 to 11 units of General Education in each of the 
first two semesters and slightly less in the third and 
fourth semesters. This makes it difficult to schedule 
the necessary mathematics, physics, German, and first 
year chemistry early in the college program. However, 
it can and has been done by well prepared students. 
College authorities believe the A.B. major plan is satis- 
factory as now handled and hope to establish soon a 
BS. chemistry major, in which minimum requirements 
can be more rigid and similar to the A. C. 8. recommen- 
dations for the major. 


SECONDARY TEACHING CREDENTIAL 


Several timely questions were emphasized under this 
heading, including the following: 

(1) What kind of position will the new teacher have? 
The chances are perhaps three-to-one that he will start 
his teaching at the junior high-school level, (grades 
seven, eight, and nine) whether or not he so desires. 
There are more students at this level than in the senior 
high school, and more required science courses. 
Furthermore, experienced junior high-school teachers 
will often receive preferential treatment when it comes 
to filling vacancies in the higher grades. 

(2) What courses will the new teacher teach? Be- 
cause the new teacher is likely to teach at the junior 
high-school level, he is apt to teach general science, in- 
cluding not only physical and life sciences but also ma- 
terial from the fields of health, safety, and the like. 
Even if he does teach in senior high school, he will 
teach a variety of science courses. These will include 
the traditional courses such as physics and chemistry 
and possibly biology, and also less common ones such as 
integrated physical science, consumer science, elec- 
tricity and radio, and aviation science. He may also 
teach mathematics or other courses even farther re- 
moved from the field of science. Only in the few large 
high schools will the new teacher escape the need for 
versatility. Furthermore, he may be called upon to 
supervise science, radio, and photography clubs, and 
other extra-class activities related to science. 

(3) What qualifications will the teacher need to meet 
these demands? Every prospective secondary science 
teacher should be sufficiently at home in the broad field 


of science to permit him to teach general science satis- 
factorily. The new teacher will find advanced, pre- 
engineering types of courses in physics and chemistry 
something less than essential. Instead, he will profit 
from a broadened familiarity with the applications of 
science in daily life and in industry. He will need prac- 
tical experience in organizing, purchasing, maintaining, 
and repairing science equipment. Finally, since he 
must exploit the interests and activities of his students, 
he should have a working knowledge of some of the 
hobby-like enterprises related to science. 

The following abridged chart summarizes the require- 
ments for the major and the minor in physical science 
for the secondary teaching credential as set forth by San 
Francisco State College: 


Units required 
Major Minor 
A. Lower Division 
1. General Education, including: 
(a) Human biology and health (lec.) 4 
(b) The physical world (lec. ) 4 
(c) Mathematics in human affairs (lec.) 2 
2. Inorganic chemistry (lec. & lab) 5 
3. Applied general chemistry (lec. & lab), or 5 
(a) Inorganic chemistry & qualitative 
analysis (lec. & lab) (5 units) 
(b) Organic chemistry (lec.) (3 units) 
(c) Organic preparations (lab) (3 units) 
(d) Quantitative analysis (lec. & lab.) 
(3 units) 
4. General physics (lec. & lab) (2 semes- 
ters) 8 8 
5. General biology (lec. & lab) 3 es 
B. Upper Division 
1. Choice (in consultation with adviser) 
from the following courses: 12 9 
(a) Meteorology (lec.) (3 units) 
(b) History of the physical sciences 
(lec.) (3 units) 
(c) The science of photography (lec. 
& lab) (3 units) 
(d) Industrial chemistry (lec. & excur- 
sions) (3 units) 
(e) Modern physics (lee. & lab) (3 
units) 
(f) Either radio physics (lec. & lab) 
(3 units) or electronics for 
teachers (lec. & lab) (3 units) 
C. Graduate Study 
1. Physical science for secondary teachers 


(lee. & lab) 3 
Minimum Total (exclusive of General Educa- 
tion credits) 36 22 
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Tue chemistry of carbonic acid and its derivatives is 
one of the most difficult chapters to teach in the begin- 
ning course in organic chemistry because there are so 
many derivatives which seem to the beginner not ob- 
viously interrelated. In teaching the “chemistry of 
the covalent bond’? the job has not been found any 
easier, of course, but over-all economy of time in the 
chemistry curriculum can be accomplished by studying 
concurrently analogous compounds in which silicon, 
nitrogen, sulfur, phosphorus, and some other elements 
are the central atoms. While the various series of these 
elements are not homologous series, their chemistry 
may profitably be considered as the chemistry of a 
common functional group. This method is scarcely 
available to a beginning general or inorganic course, 
since the students have not been exposed to the methods 
of organic chemistry. Organic chemists, on the other 
hand, ordinarily avoid all these compounds except the 
carbonic acid derivatives because they feel obligated to 
teach carbon chemistry, of which there is an abundance 
of course. 

Two groups of such compounds whose chemistry it 
has seemed to us essential to include in the freshman 
year at Brown University are the covalent halides and 
the covalent oxyhalides. Inclusion of these compounds 
has given the freshman a chance to see very simply 
some problems to which there is no answer at present. 
This meets a criticism of freshman courses which Dr. 
C. A. Kraus raised’ when he said that we tell students 
too little about what is still unknown in the field of 
chemistry. 

1 Given in part at the 269th Meeting of the New England Asso- 
ciation of Chemistry Teachers, February 14, 1953, at the Mary C. 
Wheeler School, Providence, Rhode Island. 

2 J. CHEM. Epuc., 30, 530 (1953). 

3 Kraus, C. Yt “What's Wrong with College Teaching?” 
Tenth Summer Conference of the New England Association of 
Chemistry Teachers, Orono, Maine, August 23, 1948. 
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THE COVALENT HALIDES 


Arbitrarily, the covalent halides considered here 
(Table 1) are those which boil or sublime below 300°C. 
The compounds included by this definition resemble 
each other sufficiently to be considered together. 
Among these compounds are some halides from Groups 
III-B, IV-B, V-B, VI-B and IV-A. 


Preparation 


Direct Combination. The only general method of 
preparation for these compounds is by direct combina- 
tion of the elements, but even here the carbon and 
nitrogen halides are notable exceptions. Some of the 
elements require preheating to start the direct combina- 
tion but will then proceed by the heat generated in the 
reaction. Examples are as follows: 


° 


2B + 3Cl, ———> 2BCl; 


2P (red) + ———> 2PCI; 


° 


2. 
PC]; + Cl, ———> PCI, 


17. 
2P + 3Br. ———> 2PBr,; 
A 
Sn + 2Cl, ———> 
25° 
28 + Cl, ——— 


25 
Reactions 


(1) Hydrolysis. The most important property of 
the covalent halides—because the reaction must be 
avoided in most useful syntheses—is the comparative 
ease of hydrolysis. Many Friedel-Crafts catalysts are 
among these compounds and others may be used as 
halogenating agents in both organic and inorganic reac- 
tions. 
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TABLE 1 
Group Compound °C. 

Il GaCl; 78 201 
BCI; —107 13 
AIC); 183 subl 

IV CCk —23 77 
SiC], —89 57 
GeClk —50 87 
SnCl, —33 114 
TiCk —23 136 
Above 300 subl. 

NCl; explodes 
PC); 76 
PCI; 148, subl. 160° 
AsCl, —18 130 
SbCl, 73 223 
SbCl, —6 dec 

VI —80 138 
SCI. —78 59 dec 
SCL —31 ec. 
Se.Cl. 127 dec. 
SeCl, 191 subl. 


With the exception of carbon tetrachloride in Table 1, 
all the compounds shown are readily hydrolyzed, and 
except for nitrogen trichloride the reactions may be 
considered as replacement of chlorine by hydroxyl 
groups. 

+ 3HOH — B(OH); + 
GeCl, + 2HOH — GeO, + 4HCI 
PCl,; + 3HOH — P(OH); + 3HCl 
SbCl; + HOH — SbOCI + 2HCI 


4 
ZrCl, + HOH ZrOCl, + 2HCl 
S:Cl, + 2HOH — 8.(OH), + 2HCI (1) 
SCl, + 2HOH — S(OH)2, + 2HCl (1) 
SeCl, + — Se + Cl, + HCl + HSe0; 


The end products of hydrolysis are, however, not of 
uniform character and not in all cases the metathetical 
products obtained by such a simple replacement. 
Groups V and VI must be considered alone. Antimony 
trichloride yields the insoluble oxychloride while the 
sulfur and selenium halides undergo oxidation-reduc- 
tion, though it seems clear from Goehring’s (/) work 
that, in the sulfur compounds, S2 (OH): and S(OH), are 
formed initially. Zirconium tetrachloride; which sub- 
limes above 300°, may be considered as a borderline 
covalent-electrovalent compound. Hydrolysis only 
takes place appreciably in hot water and is accompanied 
by dissociation. 

Just as carbon and nitrogen halides exhibit ex- 
ceptional behavior in their synthesis, so also do they 
react differently upon hydrolysis. The nitrogen halides 
yield hypohalous acids and ammonia. 


NCI; + 3HOH — NH; + 3HOCI 


The carbon halides are inert to water at ordinary 
temperatures, but carbon tetrachloride yields phos- 
gene at high temperatures and hence may be dangerous 
to use as an extinguisher in very hot fires. 


2000 
CCl, + HOH ——— + 


In contrast to carbon tetrachloride, silicon tetra- 
chloride (and the others from Group IV) undergoes 


rapid hydrolysis at room temperature. Schumb (2) has 
found, however, that a partial hydrolysis (or alcoholy- 
sis) can be carried out on silicon tetrachloride by careful 
addition of wet ether to the compound. Two partially 
hydrolyzed products were isolated. 


2SiCl, + HOH — Cl,SiOSiCl; + 2HCI 
38iCl, + 2HOH — + 4HCI 


(2) Ammonolysis. The study of the ammonolysis 
reactions of the covalent halides is far from complete 
for a number of reasons and an accumulation of diffi- 
culties. The reactions result in more complex mixtures 
of products than the corresponding hydrolytic reac- 
tions; the products have found few practical uses; the 
reactions are violent and not readily controlled in 
many cases so that clear-cut syntheses are difficult; 
finally, it must be admitted that the chemistry of these 
compounds has simply been neglected for what have 
appeared to be more promising fields. 

However, ammonolysis of the two phosphorus chlo- 
rides has been studied extensively and will be discussed 
here more fully than other examples. The treatment 
is in part formal and may be applied to other halides. 
An NH: group is an isoster (same number of electrons) 
of the OH group and hence from Franklin’s (3) view of 
the nitrogen system of compounds will be capable of re- 
placing it. The stepwise ammonolysis of phosphorus 
trichloride results in the following series of intermediates 
leading to phosphorus triamide (4). 


Cl NH, NH; NH; 
P—C]l ———> P—Cl + P—NH: — P—NH; 
Cl Cl Cl NH, 


‘It is a general rule in organic chemistry that a carbon 
atom bearing two hydroxyl groups has only a momen- 
tary existence (few exceptions) followed by loss of 
water and formation of a multiple bond (C=O). The 
nitrogen isoster, the amide group (NH:), exhibits the 
same behavior in carbon compounds (to a lesser de- 
gree). In contrast, study of the chemistry of silicon 
compounds indicates the propensity of silicon for single 
bonds with oxygen in preference to multiple bonds. 
Indeed, there is no evidence that silicon can form a 
double bond with oxygen though it probably does with 
the less electronegative nitrogen atom (see below). In 
the P-N system of compounds there is a case between 
these two extremes. Phosphorus triamide does exist 
but it loses ammonia (the nitrogen analogue of water) 
readily to form the P-N series of compounds shown be- 
low. 


P=N — (P=N)n 


Phosphorus triamide is a yellow unstable solid formed 
by the action of liquid ammonia on phosphorus tri- 
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bromide at —70° (6). This compound decomposes 
above —25° to yield diphosphorus tri-imide (6). The 
decomposition includes the formation of phosphorus 
amide imide as the first step, but the latter is also un- 
stable, losing a molecule of ammonia (deammonation) 
easily at 100° between each two molecules of the amide 
imide. The resulting tri-imide is a brown solid, in- 
soluble in liquid ammonia containing an ammonium 
salt. When diphosphorus tri-imide is heated to 700° 
at low pressure, it loses hydrogen rather than ammonia 
to form P,Ne, a white powder, non-volatile, insoluble in 
water but spontaneously inflammable in air (7). Con- 
tinued heating finally gives a polymer (PN),, stable in 
air. 

Phosphonitrile, P==N, which probably only has a 
transient existence before the stable polymer (P=N), 
is formed may also be made by combining phosphorus 
vapors and nitrogen at 1000° in an electric are. This 
has been patented for removing nitrogen from vacuum 
tubes (8). 

By a similar formal treatment, ammonolysis and de- 
ammonation of phosphorus pentachloride should lead 
to the products shown in the diagram below. (Five 
bonds are drawn for phosphorus in every case and three 
for nitrogen. The actual structures are still not known 
with certainty.) All the compounds in this diagram 
have been reported in the literature except phosphorus 
imide triamide. 


NH, | NH, NH 

| NH: NH, NH 
NH: NH, t 


In Group V-B tantalum pentachloride exhibits a like 
behavior though only one intermediate is known. Ac- 
cording to Moureu (9) the ammoniate, Ta(NHe)2Cl;- 
7NHs3, is formed, which loses the seven molecules of 
ammonia at 170° and in a stream of ammonia at 1180° 
yields tantalum nitride, TaN, or at 750° over a six- 
day period the pentanitride, Ta;N;. In contrast, the 
higher member of the group, vanadium, in its trichlo- 
ride gives a hexammine complex (1/0). The Group V-A 
trichlorides of arsenic (1/) and antimony (/2) are am- 
monolyzed, while bismuth (/3) gives an ammoniate 
(14). 

In Group IV-A, the tetrachlorides of upper members 
of the group, carbon, silicon, and germanium (1/3), are 
completely ammonolyzed, although it takes high pres- 
sure and temperature for carbon tetrachloride, and tin 
tetrachloride stops short of complete ammonolysis (/4). 


NH; 
CCl, —-————> HN=C(NH2)e 


(15) 
press., 140° 


° 0° ° 
siCl, ———> [Si(NH2)4] Si.N3;H 


Si;N, Si + Ne 
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° ° 


= 1 350 
GeCl, ———> [Ge(NH:),] > Ge(NH), ———> — 
1 ° 
GesN, ——— Ge +), 
>180° A A 
SnCl, — Sn(NH:);Cl ———> [SnNCl] ———> Sn;N, ——, 
Sn +N; 


The sulfur chlorides, and SCle, react with ammo- 
nia to yield the cyclic compound 8,N, along with sulfur, 
nitrogen, and ammonium chloride, although the fairly 
stable aminolysis product S(NC2Hs5)2 is known (16), 
Selenium tetrachloride, unlike sulfur tetrachloride, js 
stable enough to be isolated and ammonolyzes to the 
analogous cyclic compound Se,N, (17). 

Boron trichloride, lacking a pair of electrons to com- 
plete the octet, forms coordination compounds with am- 
monia, but ammonolysis proceeds fairly rapidly in com- 
parison with boron trifluoride. With secondary amines 
such as dimethylamine, aminolysis is complete in 24 
hours (18). 


BCI; + — + 3(CHs):NH- HCI 


In Group ITI-A, ammonation is much more pronounced 
in the next members, aluminum and gallium. 

(3) Alcoholysis. Guided by the hydrolysis reactions 
of the covalent halides, the alcoholysis products may 
easily be written on paper. In the laboratory, however, 
not all the possible esters have been characterized. 

The borate and silicate esters have found some im- 
portant uses and of late the phosphate esters are receiv- 
ing increasing attention. The borates can be obtained 
by treating boron trichloride with an alcohol, but since 
the halide is a gas they are much more conveniently pre- 
pared from boric acid by a direct esterification. 


Alcoholysis of silicon tetrachlorides may be controlled 
(19) to some extent in a stepwise replacement of halogen 
to give the following series of products ending in com- 
plete alcoholysis at the ortho stage. 


SiCl, + ROH — ROSiCl; + HCl 
ROSiCl; + ROH — (RO),SiCl, + HCl 
(RO),SiCl. + ROH — (RO);SiC] + HCl 
(RO);SiC] + ROH — (RO),Si + HCl 


Carbon tetrachloride does not undergo similar reactions 
and the difference between it and silicon tetrachloride 
in hydrolysis and alcoholysis reactions has been ac- 
counted for (20) on the reasonable assumption that sili- 
con can coordinate water (or alcohol) through an elec- 
tron pair on oxygen whereas carbon cannot. Since 
silicon is in the second row of elements its maximum co- 
ordination number is six, and hence by changing its 
configuration from tetrahedral to octahedral it may ac- 
commodate two molecules of water (or alcohol). If 
this is followed by loss of hydrogen chloride and further 
coordination with water the end product is eventually 
reached. Evidence for such a course of reaction in the 
alcoholysis of silicon tetrachloride has been found by 
Ridge and Todd (2/). 

The formation of an alkyl halide at the expense of 
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ester is an important competing reaction (20) in the al- 

coholysis of some of the covalent halides, especially sili- 

con tetrachloride and phosphorus trichloride. By add- 

ing a tertiary amine the competing alkylation of the 
hydrogen halide is reduced to a minimum (22). 


PC]; + 3C;H;OH 3(CH3;)2NC.H; => 
NCE, HCl 


Quite recently the ortho titanate (23) and zirconate 
(24) esters have been made using basic conditions, 


TiCl, + 4ROH + Ti(OR), + 4NH,Cl 
pyridin 
ZrCl, + 4ROH Zr(OR), + 4 pyridine -HCl 


suggesting that the lower members of a group are less 
reactive than the upper ones, as might be expected. 
They do not take part in ammonolysis reactions and 
hence ammonia may be used to remove hydrogen chlo- 
ride. Tertiary alcohols fail to give esters in both these 
cases (24). 

Sulfoxylate esters have been prepared (25) but not by 
alcoholysis of sulfur dichloride. 

(4) Friedel-Crafts Reactions. The familiar behavior 
of carbon tetrachloride in Friedel-Crafts reactions need 
not be repeated here but success in forming C-P bonds 
(26) by this method is notable: 


AIC 
+PCh———> 


which raises the pee, of whether C-As and C-Sb 
bonds might also be effected by improved procedures. 
Actually a small yield of the arsenic analogue of the 
above compound has been obtained (27) but the cor- 
responding antimony compound has not been reported. 

Selenium tetrachloride reacts with benzene in the 
presence of aluminum chloride (28) but other covalent 
halides in Table 1 either do not take part or have not 
been tried. 


PCl, + HCl 


AICI; 
CeHe + SeCl, (CeHs)sSeCl + 3HCl 
A 
CeHsCl + (CeHs)Se 


Most of the covalent halides which do not partici- 
pate in the Friedel-Crafts as reactants may serve as 
catalysts for other syntheses. Among these covalent 
halides, the least polar readily undergo such reactions 
while the most polar of them make the most active cata- 
lysts for the Friedel-Crafts syntheses. 

(5) Grignard Reactions. The most generally applic- 
able method of forging a carbon-metal linkage is the 
reaction of a Grignard reagent with a metal (or coval- 
ent) halide. 

RMgX + SiCl, RSiCl; + MgXCl 
RSiCl, + RMgX — R.SiCh, ete. 


This is such a well-known method that it need not be 
reviewed here (29). Besides giving good results with 


most of the halides of Groups III-B, IV-B, V-B, and 
VI-B, this method can be used to make the less reactive 
alkyls in II-B, ITI-A, and VI-A. 


COVALENT OXYHALIDES 


The oxychlorides in Table 2 from Groups IV, V, and 
VI are liquids (or gases) with noxious odors which have 
deleterious effects on the respiratory tract. Part if not 


TABLE 2 
Properties of Covalent Oxychlorides 


Formula Common name 
COC), Phosgene 8 

GeOCl, Germanium oxychloride 56 
NOCI Nitrosy] chloride —6 

NO.Cl Nitroxy] chloride —72 

POC]; Phosphorus oxychloride 105 

VOC); Vanadium oxychloride 127 

Thiony] chloride 79 

Sulfury] chloride 69 

SeOCl, Selenium oxychloride 181 11 
CrO.Cl, Chromy] chloride 117 


all of the objectionable properties of these substances 
are due to their comparatively easy hydrolysis in the 
presence of moisture to yield hydrogen chloride. 


Preparation 

(1) Direct Combination. Of the oxychlorides from 
elements in Group IV, V, and VI, at least one member 
of each can be prepared by direct combination of an ox- 
ide with chlorine in the presence of charcoal as a cata- 
lyst at room temperature. 

hv + charcoal 
CO + Cl ———————> COCI, 


hv + charcoal 
2NO + Cl, ——————> 2NOCI 


camphor 
SO, + Cl ———— SO.Cl. 


charcoal 
UO, + Ch UO.Cl, 


Extra energy from sunlight is needed in preparing phos- 
gene and nitrosyl chloride by this method. While sul- 
fur dioxide and chlorine will combine readily on char- 
coal, another method commonly used is to dissolve large 
volumes of sulfur dioxide in camphor and then pass 
chlorine through the solution at 0°. 

Uranyl chloride, UO.Cls, is included in this group of 
reactions mainly because the method of preparation is 
the same although there are some more than formal 
likenesses among it and the other oxychlorides. Tung- 
stenyl chloride, WO.Chk, and molybdenyl chloride, 
MoO.Cls, which can also be made by this method might 
be included in the oxychlorides. 

These direct combination reactions are, of course, 
oxidation-reduction reactions in which the central atom 
increases its oxidation number by one or two in the 
various cases while chlorine is reduced. Hence only 
compounds in which the central atom forms a fairly 
stable oxide in a lower oxidation state will be available 
for this type of reaction. Of the compounds listed in 
Table 2 and those mentioned in the last paragraph, 
POCI;, VOCI;, and SeOCl, have not been pre- 
pared by direct combination. Nitroxyl chloride, 
NO.Cl, has only been made at red heat in low yield 
by this method. 
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(2) Replacement of Oxygen by Chlorine. Various 
chlorinating agents such as the covalent halides previ- 
ously discussed and the oxychlorides in Table 2 have 
been used to replace oxygen by two chlorines in an ox- 
ide. As an example, two oxychlorides can be prepared 
simultaneously in the following case: 


so, + PCI, SOCI, + POC); 


A variation of this is the following pair of oxidation- 
reduction reactions which give two oxychlorides in each 
case: 
—75° 
NO.Cl] + PC]; ———> NOC] + POC); 
S0.Cl, + PCl; SOC], + POC); 


(30) 


Other methods of preparing thionyl chloride illustrate 
the various chlorinating agents that can be used gen- 
erally in preparing other oxychlorides. 


° 


200 
SO, + COC] ————> CO, + SOCI 
charcoal 


2S0; 4. + Cl, + 2SOCI, 


Higher temperatures are necessary in preparing the 
compounds of higher molecular weight. Phosgene can 
be used to chlorinate tungstic oxide at 350° and chromic 
oxide can be converted to chromy] chloride by a number 
of reagents at elevated temperatures, for example, car- 
bon tetrachloride, phosphorus pentachloride, ferric 
chloride, or chloroform and oxygen. 


° 


350 
Wo; COCI, WO.Cl: Co, 
A 
5CrO; + 2PCl; ——— 5CrO,Cl, + P,0; 


When the oxide itself has little covalent character, all 
the oxygen may be replaced by chlorine in certain cases 
to yield a covalent halide. Where the second product 
is a volatile oxide such as carbon dioxide, this type of 
reaction can succeed. 

charcoal 
Al,O3 + 3COCI, 2AI1Cl; 3CO, (31) 


In this example, the yield of aluminum chloride is 98 
per cent. 


Reactions 


(1) Hydrolysis. Oxychlorides resemble acyl chlo- 
rides in their properties, as might be expected from the 
structures. Indeed, oxychlorides have been called acid 
chlorides and acy] chlorides. 


R Cl Cl Cl Cl 


In each case the electropositive central atom is at- 
tached to strongly electronegative oxygen and chlorine 
atoms. Consequently the halogen atoms are very 
reactive and partial hydrolysis is virtually impossible 
to carry out practically. Of course in a particular 
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group, higher molecular weight means decreasing actiy- 
ity, as it does in organic acyl halides. In Group VI, as 
one goes from chromium to uranium the covalent char. 
acter of chromy! chloride, CrO2Cle, changes to one pre. 
dominantly electrovalent in uranyl chloride, UO.Ck, so 
that in the latter dissociation in water precedes hydrol- 
ysis. Hydrolysis of these compounds is not a useful 
reaction but again one that must be avoided in practical 
synthesis. 


RCOCI] + HOH — RCOOH + HC! 
COCI, + 2HOH — H.CO; + 2HCI 
NOC! + HOH — HNO, + HCl 
S0.Cl, + 2HOH — H.SO, + 2HCl 
POC); + 3HOH — H;PQ, + 3HCl 
CrO.Cl, + 2HOH — H,CrO, + 2HCl 


Although partial hydrolysis is impractical on the 
oxychlorides because the reactions are rapid and vio- 
lent, the chloro-substituted acids given below are 
known in esters or salts. 


Cl Cl Cl Cl 
C=O O—P—OH 
\ \ 
OH OH OH OH 
chlorocarbonic chlorosulfinic chlorosulfenic —chlorophos- 
acid (un- acid (un- acid,b.p.152°  phoric acid 
known) known) (unknown) 


(2) Ammonolysis. The paths of the ammonolytic 
reactions of the oxychlorides are probably more com- 
pletely worked out than those of the covalent halides, 
but many of the same difficulties mentioned previously 
obtain here. Formally, the initial ammonolytic 
product may be considered as the one obtained by re- 
placing each chlorine with an amide (NHe) gfoup. 
Whether deammonation, dehydration, or a combina- 
tion of these processes will follow the first reaction de- 
pends on the particular compound and the conditions. 
A formal presentation of the products from phosphorus 
oxychloride and ammonia is given at the end of this 
paper as the chemistry of a mixed system of com- 
pounds. 

Ammonolysis of phosgene yields urea or carbamide, 
a diamide having very weak basic properties. 


COCI, + 4NH; CO(NH2)2 + 2NH,Cl 


If the oxygen in urea is replaced by its nitrogen isoster 
(=NH), the product is guanidine (see above). 

Nitrosyl chloride at liquid air temperatures appar- 
ently yields nitrosamine but it has not been well char- 
acterized and presumably decomposes into nitrogen 
and water when the temperature is raised. 


+ 2NH; ~ NONH: + NH,Cl 
+ 


With primary amines at room temperature, however, 
alkyl chlorides are obtained. These reactions are sum- 
marized in a recent review (32). Nitroxyl (or nitryl) 


chloride, according to very recent work (30, 33), will 
react at —75° to yield chloramine and ammonium ni- 
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trite. Batey and Sisler (30) concluded TABLE 3 
that the chlorine is probably the positive Sisictn-Dindsidainainaiiaiiaitie Catithi 
fragment of the nitroxyl chloride, while 
Schmeisser and Schwarz (33) suggest | OH OH NH; NH, NH, 
further that chlorine is bonded to oxygen | 
NO.C] + 2NH; —~ CINH: + NH,NO, | OH OH OH OH NH, 
Vanadium oxychloride (34) yields a 
triamide with ammonia which at red oH NH, | NH, NH, 


heat goes to vanadium nitride but inter- 
mediates have not been reported. 


f 
O=P HN=P—OH HN=P—OH HN=P—NH; HN=P 


Schenk (35) has turned up good evi- OH OH OH OH re) 
dence that the first ammonolysis product | | | 
O O OH NH 
of thionyl chloride at liquid air tempera- 
tures is thionyl imine which gives a yel- O=P — HN=I > N=P + HN=P + N=P=0 
low polymer (maybe linear) above —60°. — ‘we 


NH; 
socl, ———> O=S=NH — [—SONH—]n 


* Compounds marked with an asterisk are known, at least in the form of salts, 


if not as free acids. 


At —75° sulfuryl chloride can be made 


to give good yields of white crystalline 

sulfamide, SO2(NHe)2 (36). Bimolecular products, ni- 
trogen tetrasulfide, and other substances are otherwise 
obtained under less stringent conditions. With sele- 
nium oxychloride (37) no reaction occurs at all with am- 
monia on the solid but in benzene solution a product 
analogous to the cyclic tetrasulfide is formed along with 
selenium and selenium dioxide. 

benzene 
SeOCI, NH; Se,N, + NH.Cl Se + SeO, 

(3) Alcoholysis. While hydrolysis is a rapid and 
violent reaction with phosgene and other oxychlorides, 
the reaction with alcohols is easier to control and in 
some cases the products from the partially completed 
reaction can be isolated. Phosgene will react with 
ethanol to yield ethyl chlorocarbonate, which in turn 
can be made to undergo further alcoholysis. The halo- 
gen remaining after the first reaction is still quite re- 
active and is displaced in reactions with water or am- 
monia as well as alcohol, as shown in the diagram below. 
Ethyl carbonate reacts with ammonia as other esters 
do, this one behaving as a diester. 


Cl Cl OC.H; 
Cl OC.H; 
HOH 
NH; NH; 
NH NH, 
NH; 
C:H;OH + HC] C=O 
+ CO; 
OC:H; NH: 


Alkyl nitrites are obtained in the alcoholysis of nitro- 
syl chloride. Removing the hydrogen chloride ac- 
companying this reaction by means of pyridine reduces 
the violence of the reaction and allows good yields of 
the nitrites, especially of the long-chain alcohols (32). 

Phosphorus oxychloride can be used to form esters of 


phosphoric and two chlorophosphoric acids if a tertiary 
amine is used to remove the hydrogen chloride. The 
principal use of this reaction has been to study the cor- 
responding esters of the amidophosphoric acids. 


OC.H; OC.H; 
pyridine 
Cl Cl 
| NH; | NH; 
OC.Hs 
O—P—NH; O—POC,H; 
NH: 
phenyldiamido- diphenylamido- 
phosphate phosphate 


Such substances have received an increasing amount of 
attention lately because of the interest in the phos- 
phorus-nitrogen system in biological substrates. 

Selenite, sulfite, and sulfate esters are obtainable 
from selenium oxychloride (39), thionyl, and sulfuryl 
chlorides, respectively, in their alcoholysis reactions. 
The replacement goes stepwise and even with the short- 
chain alcohols the intermediate chloro esters can be 
successfully isolated with care. Adding pyridine fav- 
ors a very rapid diester formation (20). Gerrard (40) 
found that pyridine hydrochloride was precipitated 
only during the first half of the addition of thionyl chlo- 
ride to an alcohol. Sulfite ester was obtained if 
worked up at this stage, but heating allowed the second 
half of the thionyl] chloride to react to yield the chloro- 
sulfite ester. 


(RO).SO + SOC], 2ROSOC!I 
The vigorous reactivity of the oxychlorides of carbon, 


phosphorus and sulfur is attenuated considerably if one 
of the halogens is replaced by a bond to carbon. Short- 


chain aliphatic acyl halides react very vigorously with 
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water, ammonia, and alcohols. As the chain is length- 
ened the activity diminishes as in other homologous 
series. The Schotten-Baumann and the Hinsberg reac- 
tions are so familiar that it is sufficient to say that all 
four of the acid chlorides shown below can participate in 
analogous reactions with water, ammonia, amines, and 
alcohols. 


CsH;sCOC] CsH;SOCI CsH;SO,Cl C.HsPOCI, 


benzoyl benzenesulfenyl benzenesulfonyl benzenephosphony] 
chloride chloride chloride chloride 


MIXED AQUO-AMMONO SYSTEMS5 


Each covalent halide and oxyhalide is the starting 
point for an ammono and aquo-ammono system of com- 
pounds, respectively, in the light of E. C. Franklin’s 
exposition of the system as a guide to the chemistry of 
new families of substances. The formality of this 
method has already been shown for the ammonolysis 
of the phosphorus tri- and pentachlorides. By suitable 
steps of ammonolysis, hydrolysis, deammonation, and 
dehydration the aquo-ammonophosphoric acids shown 
in Table 3 may be obtained from the parent substance. 

Similar systems of compounds could be outlined for 
carbonic, sulfuric (41), and other acids derived from 
the oxychlorides in Table 2. 
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e MICROSCOPY FOR CHEMISTS 


Harold F. Schaeffer, Rensselaer Polytechnic Institute. D. Van 
Nostrand Co., Inc., New York, 1953. viii + 264 pp. Illustrated. 
15.5 X 23.5cm. $4.50. 


A nook of this general title and purpose has been long overdue. 
The preface quotes several well-known authorities on the import- 
ance of a microscope to the chemist and ends by saying: “‘. . .The 
author has endeavored to present the material so as to be intelli- 
gible to the worker who must depend on his own resources with- 
out benefit of a mentor.” The book is avowedly designed for the 
graduate chemist’s self-instruction. How well this objective has 
been achieved is uncertain. : 

Part I (157 pages) has ten chapters of which the first five dis- 
cuss elementary optics, the microscope, its oculars, objectives, 
and illumination. These five chapters are quite good, although 
some of it could have been abbreviated for the graduate chemist. 
It is unfortunate that the erroneous use of ‘depth of focus’’ for 
“depth of field” is perpetuated. Chapter 6 on Quantitative 
Microscopy is very suggestive and one wishes it were longer. 
Chapter 7 on Polarized Light could have been the most important 
in the book. Instead it sometimes discusses the trivial (e. g., 
the use of a cap analyzer in photomicrography) at the expense of 
omitting the useful (e. g., the sign of elongation). It uses the 
anachronism, ‘“‘petrographic” microscope, instead of polarizing 
microscope, a8 most modern manufacturers do. This may mis- 
lead some chemists. 

Toward the end of Chapter 7 there are several confusing errors. 
For instance, Pages 109-10 “‘. . . .Those substances which exhibit 
oblique extinction are biaxial. . .”’ is not true. In fact the author 
denies it himself on page 215 by giving as examples of substances 
with parallel extinction some substances which are biaxial (picric 
acid) and then repeats the refutation again on page 216. Also 
on page 111 the statement, ‘‘A Maltese cross would indicate the 
presence of a uniaxial substance,” is true only if no mica (1/, 
wave) test plate is used. And “This type of figure would also 
exhibit two dots in diagonally opposite quadrants’’ is only true if 
the mica plate is used. Figure 7.11, page 111, shows some uni- 
axial (Maltese cross) interference figures and some biaxial figures, 
both said to be obtained by using biaxial mica as the object. The 
chapter ends ‘‘. . .the laboratory manual explains how to obtain 
figures without the use of expensive accessories,”’ but the descrip- 
tion on pages 213-14 is too brief for the inexperienced. Chapter 
8 presents very briefly some microchemical manipulations and 
spends over a page explaining stem corrections of thermometers. 
Chapter 9 on Inorganic Reactions may be suggestive for beginners 
but only suggestive. Of the 15 photomicrographs used 14 of 
better quality are to be found in another reference. Chapter 10 
contains six photomicrographs of some sulfa drug derivatives but 
otherwise is largely a discussion of how to make some crystalline 
organic derivatives on a micro slide and determine the melting 
point, rather than a discussion of the use of the microscope. 

Part II (90 pages) gives directions for performing 32 experi- 
ments which parallel the previous material. As there are no 
cross references (other than by chapter), much page turning is 
required to fit the two parts together. The first 12 experiments on 
the use and adjustment of the ordinary microscope are excellent 
and should precede the usual laboratory work of biology students 
as well as chemists interested in microscopy. Experiment 16 
on Refractive Index explains briefly the determination of the 
refractive index of isotropic (cubic system) materials only, and 
then discusses the use of the microscope as a refractometer for 


liquids. The great usefulness of the Kofler hot stage for the 
determination of melting points under the microscope is given in 
Experiment 18. Experiment 19 on Polarized Light omits much 
and has the wrong emphasis; for instance, a half-page discussion 
of the “‘selenite’”’ plate does not mention the sign of elongation or 
its use with interference figures. It is the polarizing part of the 
polarizing microscope which is most useful to chemists, in the re- 
viewer’s opinion. The remaining experiments consist of se- 
lected inorganic ion identifications and some micromanipulations 
of a few organic derivatives usually ending with a melting-point 
determination! 

The book ends with a good six-page ‘‘condensed bibliography”’ 
of 31 books and 84 papers. However, some statement of the 
relative difficulty and usefulness of each, with a recommended 
order of study, would have improved its self-helpfulness. 

The chapters and experiments on the general use of the micro- 
scope will be valuable to the beginner and the others will suggest 
some chemical uses. The book is too verbose in parts, and much 
valuable material has been omitted. As there are several excel- 
lent reference books on the subject, in the opinion of the reviewer 
this is not the introductory book which is needed. 


H. COURTNEY BENEDICT 
Cuico State CoLLeGe 
Cxico, CALIFORNIA 


* POLYSACCHARIDE CHEMISTRY 


Roy L. Whistler and Charles L. Smart, Department of Agricul- 
tural Chemistry, Purdue University. Academic Press, Inc., New 
York, 1953. xv +493pp. Illustrated. 16 X 23.5cm. $10.80. 


CARBOHYDRATE chemistry, particularly the chemistry of the 
polysaccharides, has been making such rapid progress in recent 
years that the average chemist whose chief interests lie in other 
directions has found it nearly impossible to keep abreast of dis- 
coveries. Various review monographs have summarized very 
well different sectors of the advancing front, but a book present- 
ing the over-all picture was badly needed. The subject of this 
review goes a long way toward filling that need. 

The authors begin with a discussion of the occurrence, nomen- 
clature, and classification of polysaccharides which is the best 
this reviewer has found anywhere. Various tables are included, 
illustrating the remarkable and even amazing variety of ways in 
which Nature combines monosaccharide units to form polysac- 
charides. 

A second general chapter is devoted to methods used in the 
general characterization and proof of structure of polysaccharides. 
Here again the authors have rendered a valuable service in bring- 
ing together and explaining with great clarity principles and 
techniques, a knowledge of which has been too often assumed in 
other similar discussions. Here are explained the new techniques 
which are of such great utility in proving the structure of com- 
pounds which a few years ago would have been considered un- 
solvable. 

The remainder of the book is devoted to chapters on various 
types of polysaccharides. These 33 chapters cover all types of 
polysaccharide material with known or partially known struc- 
tures and include such titles as Cellulose, Hemicellulose, Xylan, 
Mannan, Pectic Substances, Galactans, Starches, Tragacanth, 
Alginic Acid, Pneumococcal Polysaccharides, Dextrans, Chitin, 
Blood Group Polysaccharides, and Glycogens. Some of these 


591 


ATION 
59, 33 Ey 
Keceut- Books 
32), 
26,5 
9, Vol. | 
J. Am, 
junds,” 
4, 710 
, 1951, 
6). | 
1937), 
id ed., 
hap. 5. | 
c., 74, 
Chem, 
ee ref, | 
1930). 
7 
68, 
G. J. 
= 


topics have been adequately and more completely covered else- 
where, but bringing the discussions together is of great value in 
making possible an over-all comparison. 

Every person interested in carbohydrate chemistry will need 
a copy of this book and every organic chemist who makes any 
attempt at “keeping up” ought to have one. Writers of organic 
textbooks, in particular, can very well give it special attention to 
help them judge what might be a better choice of topics for in- 
clusion in their carbohydrate chapters. This book is an unusually 
valuable addition to our chemical literature. 


IRWIN B. DOUGLASS 
UNIVERSITY OF MAINE 
Orono, MAINE 


a AN ADVANCED TREATISE ON PHYSICAL CHEMISTRY 
VOLUME III: THE PROPERTIES OF SOLIDS 


J. R. Partington, Emeritus Professor of Chemistry, Univérsity of. 


London. Longmans, Green, and Co., New York, 1952. 
639 pp. Illustrated. 16 X 26cm. $14. 


Tuts volume, like the preceding ones of the series, is essentially 
a non-critical historical review of a broad domain of physical 
chemistry, that of the mechanical and-thermal properties of solids. 
(Electrical and optical properties are. to be treated in the next 
volume.) The author’s devotion to historical accuracy is em- 
phasized in his preface: ‘A word may be said about the inclu- 
sion of so many references to older work. In collecting this ma- 
terial an author is under some obligation to the originators of a 
subject, and there is also a question of integrity involved which 
does not seem to be as fully appreciated as it should be. The ques- 
tion as to whom a scientific idea or experimental method is due 
was formerly considered important although many may now 
think it is not.’’ A testimonial to the author’s thoroughness and 
industry is the bibliography of over 15,000 references, which in- 
clude citations of books long since out of print. Inclusion of such 
a mass of information required a rather staccato style as exem- 
plified by the following typical quotation: ‘According to Schu- 
binkow (1913) and Gryzmek (1937) the degree of supersatura- 
tion primarily controls the shape of crystals deposited. The 
relation of crystal habit to lattice structure was discussed by 
Berry (1938). Zemyatchensky (1909) found that the crystal 
habit is modified by contact with indifferent substances (mica, 
calcite, etc.) during growth. The effect of temperature on crystal 
habit was studied by Seifert (1923).”’ The book will be a tre- 
mendous time saver for any one who wishes to start reading on a 
‘given subject, but the very breadth of coverage made depth im- 
possible; in other words, the purpose of the work seems to have 
been to create an authoritative source book rather than to pre- 
sent an exposition of the subject. Reviewers of previous volumes 
of this series have been fairly unanimous in recommending that 
every worker in physical chemistry possess a personal copy. 
My enthusiasm is somewhat more restrained: I prefer to rec- 
ommend that every worker know of the existence of this treatise, 
and insist that his library have a copy. 


Ix + 


RAYMOND M. FUOSS 
UNIVERSITY 
New Haven, Connecticut 


e TOOL ENGINEERS’ DATA BOOK 


Gerhard J. Gruen, ‘Engineer. Reinhold Publishing 
Corp., New York, 1953. iv + 219 pp. Many tables. 14.5 x 
23.5 cm. $5.50. 


IN ADDITION to tool engineers, chemists will be interested in 
some of the following data: physical constants and compositions 
of alloys; ch>mical properties of metals and alloys; general 
properties and identification of plastics; heat treatment of metals 
and alloys: standard formulas; conversion and mathematical 
tables. 


JOURNAL OF CHEMICAL EDUCATION 


t BASIC MECHANICS OF FLUIDS 


Hunter Rouse and J. W. Howe, respectively, Professor of Fluid 
Mechanics and Professor of Mechanics at the State University of 
Iowa. John Wiley & Sons, Inc., New York, 1953. x + 245 Pp. 
145 figs. 15 X 23.5cm. $4.50. 


Tuis text is written for engineers, based on the principles they 
have learned previously in engineering mechanics courses jn 
statics and dynamics. Thus the text is perfectly general in its 
approach and not specifically applicable to any certain field, 
The chemical engineer will miss the specific applications to manom- 
etry, metering, pumping, and, particularly, the flow of ideal 
and real gases. He will gain in knowledge of applications of 
mechanics to many diverse subjects, as lift and propulsion, 
significance of the Froude, Euler, and Mach numbers, and resist- 
ance of bodies to flow around them. 

Fluid mechanics is frequently the course in which units, dimen- 
sions, and dimensional analysis are introduced to the engineering 
student. The three pages on dimensional considerations cer- 
tainly is not an adequate treatment of this subject. 

“Rouse and Howe’’ will be used extensively for fluid mechanics 
to follow basic mechanics courses; however, the chemical en- 
gineer will not follow this pattern and will receive a more special- 
ized training. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, TEXAS 


* PHYSICAL CHEMISTRY FOR COLLEGES 


E. B. Millard, Massachusetts Institute of Technology. Seventh 
edition. McGraw-Hill Book Co., Inc., New York, 1953. ix + 618 
pp. Illustrated. 16 X 23.5 cm. $6. 


Tuis seventh edition, appearing seven years after its prede- 
cessor and tracing its lineage back to 1921, is once more a genuine 
revision of a successful textbook for use in the standard under- 
graduate course in introductory physical chemistry. As was 
true of earlier revisions, hardly a page of text from the previous 
edition has not yielded to alterations designed to improve the 
clarity of presentation. Similarly, new problems, both worked- 
out examples for illustrative purposes and assignments for the 
student, have been added generously. Tables of data (for ex- 
ample, the standard enthalpies of compounds), have been revised 
to provide more recently reported values. 

The text remains essentially a thorough exposition of classical 
physical chemistry both in terms of the conventional list of topics 
discussed and the order of their presentation. This point of view 
imposes limitations on the treatment of some areas of the subject. 
For example, the Debye-Hiickel theory is discussed only in con- 
nection with the phenomenon of ionic conductance. The rea- 
sonableness and applicability of the ionic atmosphere concept 
is not reinforced by mention of the use of the limiting law for 
the calculation of activity coefficients in predicting the solubility 
of sparingly soluble salts or in the effect on the rates of ionic re- 
actions. The discussions of atomic structure included in three 
short chapters are on a qualitative level far below the treatment 
accorded other topics. There is little which wiil not be found in 
good general chemistry texts. Almost no mention is made of the 
connection between the energetics and structures of molecules, 
save a brief allusion to the degrees of freedom of diatomic and 
polyatomic molecules responsible for the variation of their heat 
capacities with temperature. 

The trend in recent years to place more emphasis in the ele- 
mentary course upon thermodynamics as a basis for the develop- 
ment of the concepts of physical chemistry has led the author 
to move the chapter on Thermochemistry to a position following 
the second chapter, Elementary Thermodynamics. This is an 
improvement and should result in the student’s better apprecia- 
tion from the beginning of the phenomenological basis for the 
first law. The variety of problems and the abundant references 
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to the literature should insure his familiarity with both the tech- 
niques of manipulating and the reliable sources of thermochemical 

ta. 
Tie treatment of the second and third laws of thermodynam- 
ies is far less satisfying to those teachers of physical chemistry 
whose concern is to develop in their students’ minds an apprecia- 
tion of the subtler concepts of free energy and entropy. There 
isample opportunity for the student to exercise himself in calcula- 
tions employing them, but shallowness of real understanding may 
result unless the teacher establishes emphasis by altering the 
author’s order of presentation or by supplementary discussions. 

The idea that entropy is a concept made necessary by the irre- 
versibility of Nature’s energetic operations is a case in point. 
The author retains the position of the chapter on Free Energy of 
Chemical Changes as the next to the last in the book, an apparent 
prelude to the final one on Potentials of Electrolytic Cells. The 
piecemeal treatment of the van’t Hoff equation in the chapter on 
Equilibrium in Homogeneous Systems alludes to the second law, 
but focuses the student’s attention solely on the kinetic picture of 
temperature’s effect on equilibrium. The opportunity is lost 
to use the intuitively acceptable information of the kinetic pic- 
ture of equilibrium to drive home to the beginning student at the 
same time the more abstruse thermodynamic concept of the di- 
vision of total energy between available and unavailable portions. 
Likewise, there is no intimation of the very practical implication 
of the third law that it is possible to use thermochemical data or 
even the theoretical parameters of molecular structure to calculate 
equilibrium constants for systems under extremely difficult experi- 
mental conditions. 

The collection of problems is outstanding, even better than 
the lists of previous editions. There are no ‘“‘trumped-up”’ prob- 
lems. Some groups are divided into a more or a less mature set. 
One of the most gratifying features is the large number of refer- 
ences to the original literature which are supplied. This is an 
important advantage for those teachers who are interested in 
having their students gain an appreciation of the scope and dy- 
namics of research. 


WILLIAM F. KIEFFER 
Tue CoLLeGe or Wooster 
Wooster, On10 


© PHYSICAL CHEMISTRY OF THE HYDROCARBONS. 
VOLUME II 


Edited by Adalbert Farkas. Academic Press, Inc., New York, 
1953. x + 4ll pp. 86 figs. 76 tables. 16 X 24cm. $9. 


As CHEMISTS putter about their laboratories, they are over- 
whelmed with the depressing realization that man has lost his 
primordial innocence and security. He is no longer guided 
safely by instinct but is now dependent upon Lehrbiicher, mono- 
graphs, or treatises. Fortunately, a cloud of critics and compilers 
hasten to his relief through a generous effusion of such publica- 
tions. 

This particular series is an unusually good addition to the 
literature on hydrocarbons. It attempts to gather material 
scattered among a large number of sources and to present it in a 
convenient form. In Volume II, a group of experts, representing 
both industrial and academic circles, review the theoretical basis 
of the properties, reactions, and separation by selective adsorp- 
tion of hydrocarbons. The book is divided into seven chapters. 
The first article (80 pages) is by Kurtz and Sankin, of the Sun 
Oil Company, on the density and refractive index of hydro- 
carbons. The second chapter (18 pages) is by O. R. Quayle and 
Kurtz on the surface tension and parachor of hydrocarbons. 
John G. Aston and Mastrangelo are the authors of Section Three 
(32 pages) dealing with the heat capacity of hydrocarbons. Chap- 
ter Four (22 pages) on the critical behavior of hydrocarbons, is by 
R.H. Olds. Chapter Five (33 pages) is a discussion of the optical 
activity of hydrocarbons by R. L. Burwell, Jr. R.C. Hansford 
is the author of Chapter Six (133 pages) on the mechanisms of 


some hydrocarbon reactions. The reactions that are considered 
are catalytic cracking, thermal cracking, alkylation, isomeriza- 
tion, and polymerization. The final chapter (71 pages) is by 
A. J. Juhola on the separation and purification of hydrocarbons 
by selective adsorption. 

In general, each section is well written, the material selected 
with taste, and presented in a scholarly style. Active workers in 
the field of hydrocarbon technology will appreciate the con- 
venience and utility of this work. Indeed, the vast hordes of 
petromankind who indulge in high living and low thoughts will 
find this volume instructive, interesting, and conducive to a high 
level of reflective thinking. 


GEORGE HOLMES RICHTER 
Tue Rice InstiruTe 
Houston, Texas 


* BLOOD CELLS AND PLASMA PROTEINS 


Edited by James L. Tullis, Harvard University. Academic Press, 
Inc., New York, 1953. xxi + 436 pp. 97 figs. 15.5 x 23.5 


Tuts volume is Number 2 in a series of Memoirs of the Harvard 
University Laboratory of Physical Chemistry Related to Medi- 
cine and Public Health. It consists of manuscripts sub- 
mitted by 29 individuals who participated in series of seminars on 
blood during the spring of 1951. The composition, physical prop- 
erties, interactions, and functions of the components of blood are 
exhaustively treated in the various chapters by these authors, all 
of whom are active research workers in some phase of the subject. 
Indeed, this reviewer knows of no single volume to which one 
may turn for such a complete summary of present knowledge 
concerning the multitude of proteins of the plasma and in addi- 
tion a detailed description of the properties of the formed elements 
of the blood: erythrocytes, leucocytes, and platelets. 

The reader of this book cannot fail to be impressed with the 
contribution toward a more complete understanding of the prop- 
erties and functions of the blood constituents that has resulted 
from: the improved methods for their separation from: blood. 
These methods, developed during the last decade or so, have re- 
sulted in large-scale production of blood fractions whose constit- 
uents have undergone minimum changes from their state in 
nature. The reader also will appreciate that many of the inves- 
tigations reported here were prompted by problems of the blood 
bank. Blood preservation, either as whole blood or as constituent 
parts, whether they be plasma fractions or cells, in such a manner 
that their original properties will not be lost, presents extreme 
difficulties. These problems of successful preservation are being 
solved gradually as a result of many painstaking observations on 
the blood constituents. 

The book is divided into seven sections. In the first section, 
following an historical introduction, E. J. Cohn describes separa- 
tion of plasma proteins through their interaction with neutral 
salts, heavy metals, alkaline earths, and as a result of interactions 
among themselves. A detailed consideration of the numerous 
factors concerned with blood coagulation makes up Section IT. 
In this section the structure and properties of the platelets are 
discussed, especially in connection with the problem of preserva- 
tion of these cells in a viable state after their separation from 
blood. D. M. Surgenor, B. Alexander, J. H. Ferguson, J. T. 
Edsall, and J. L. Tullis contributed the chapters to this section. 

The components of human blood concerned with immunity are 
presented in four chapters in Section III by C. A. Janeway, 
J. F. Enders, J. L. Oncley, and W. E. Ehrich. In Section IV, the 
erythrocytes are considered from the viewpoint of their origin 
and functions, their preservation and storage by J. G. Gibson, 
2nd, M. Strumia, and R. B. Pennell. O. F. Denstedt has written 
a fine chapter on the respiratory activity of the mammalian eryth- 
rocyte and its enzyme content. Some of the problems involv- 
ing the white cells, such as their release from the bone marrow, 
diurnal variations in number ef leucocytes, phagocytosis, hista- 
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mine content, and respiratory enzymes, are considered in Section 
V by J. L. Tullis, C. 8. Wright, C. A. Doan, ©. F. Code, and B. 
Chance. 

In Section VI the enzymes of the plasma are discussed, and in 
Section VII the lipoproteins of blood and other tissues. D. M. 
Surgenor, M. J. Hunter and R. K. Brown, and J. S. Fruton are 
responsible for Section VI, and J. L. Oncley, F. R. N. Gurd, 
M. Macheboeuf, J. Folch-Pi, D. P. Barr, E. M. Russ, H. A. Eder, 
W. F. Lever, and N. A. Hurley for the section on lipoproteins. 
The paucity of exact knowledge with respect to the presence of 
lipids in combination with protein makes this section particularly 
welcome. 

With the exception of the charts on pages 126 and 127 which 
should be labeled as to the proteins they represent, the chapters 
are adequately illustrated with figures and tables. 


F. A. CAJORI 
University or CoLtorapo ScHooL or MEDICINE 
DENVER, CoLORADO 
& THE NATURE OF VIRUS MULTIPLICATION 


Edited by Sir Paul Fildes and W. E. Van Heyningen, Sir 
William Dunn School of Pathology, University of Oxford. Cam- 
bridge University Press, New York, 1953. 320 pp. 76 figs. 
18 tables. 16 X 25cm. $6.50. 


Tuts book contains the 16 papers which formed a basis for 
discussion at the Second Symposium of the Society for General 
Microbiology held at Oxford University in April, 1952. The 
binding and cover of the book are of an economy grade, but are 
doubtless adequate for a work of this type in which the contents, 
owing to rapid developments, become obsolete relatively soon. 
To almost anyone concerned, it will be apparent that the topic for 
discussion, which has become the title of the book, should more 
precisely have been “Speculations on the Nature of Virus Multi- 
plication,”’ for the various authors obviously leaned heavily on 
conjecture and surmise for want of direct evidence. The material 
as a whole seems to point up the need for a more solid chemical 
and physical basis for some of the absorbing biological phenomena 
which have been observed in the past ten years. Granted then, 
that no one wiil buy the bor %expecting to learn the secret of virus 
multiplication, it can be said that the volume does contain some 
excellent accounts of current ideas about virus multiplication, and 
that these ideas are based on the experimental results of a rep- 
resentative group of virus experts. 

H. Chantrenne discusses the uncertainties of protein synthesis 
and summarizes current postulates and clues. F.C. Bawden and 
N. W. Pirie reiterate a number of their favorite conceptions of the 
nature of viruses and summon recent evidence from plant virus 
work to support their contentions. D. J. Bauer makes a critical 
survey of the status of enzymic activities associated with various 
animal viruses. Roy Markham gives a significant evaluation of 
the role of nucleic acids in plant viruses based on chemical and 
physical data. S. E. Luria gives an excellent summary and dis- 
cussion of some highlights of recent bacteriophage experiments. 
J.S. K. Boyd considers the relation of mutation to lysogenicity in 
bacteriophages from a refreshingly unorthodox point of view. A. 
Lwoff presents an elaborate fabrication of ideas concerning the 
nature of viruses and virus reproduction based on lysogenicity 
and other phenomena observed with certain bacteriophages. R. 
Laterjet describes some applications of radiobiological techniques 
to the study of phage reproduction. Fildes, Kay and Joklik em- 
phasize the importance of divalent ions, particularly Ca, in the 
phenomena of phage reproduction. Sven Gard attempts to 
elucidate the revroductive process in the influenza virus system 
by a mathematical manipulation of infectivity data. L. Hoyle 
speculates on the nature of virus reproduction using influenza as a 
model. T. H. Flewett describes attempts made to see influenza 
and fowl plague viruses in thin tissue sections employing electron 
microscopy. F. Fulton tries to adapt the binary fission process 
to virus multiplication. G. H. Bergold discusses the unusual 
forms observed with some insect viruses and the possible relation- 
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ship of these to a cycle of reproduction. J. C. Carr brings out 
some outstanding features of work on tumor viruses. F, K. 
Sanders collates some of the biological data pertaining to multi. 
plication of several neurotropic viruses. 

The papers are accompanied by good bibliographies and, at the 
ends of most of the papers, there are discussion questions and 
comments. Some of the discussions are both amusing and ¢o- 
gent, others are dull and seemingly irrelevant. Certainly, anyone 
actively interested in the field of virus research will want to 
browse through this book. 


C. ARTHUR KNIGHT 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


e INTERNATIONAL COMMITTEE OF ELECTRO- 
CHEMICAL THERMODYNAMICS AND KINETICS 
(2 VOLUMES) 


Proceedings of the IInd Meeting, Milan, 1950. Libreria Editrice 
Politecnica, Cesare Tamburini, Milan, 1951. xvi + 406 pp. 
Illustrated. 17.5 X 24.5 cm. L. 3800. 


Proceedings of the IIIrd Meeting, Berne, 1951. Edited by Carlo 
Manfredi, Viale Papiniano, Milan, 1952. xvi + 495 pp. Illus. 
trated. 17.5 X 24.5cm. L. 8000. 


THESE two volumes contain about eighty papers presented at 
meetings held at Milan, Italy, in 1950 and Berne, Switzerland, in 
1951. Scientists from Germany, Belgium, France, Italy, Nor- 
way, Sweden, Switzerland, Netherlands, Great Britain, Canada, 
and the United States contributed to one or another of the sub- 
jects: Electrode Potentials, Kinetic Processes at Electrodes, 
Applications to the Study of Corrosion, Applications to General 
and Analytical Chemistry, Polarography, Electrical Double Layer 
and Nomenclature and Fundamental Electrochemical Definitions. 

The contents of most of the papers presented are theoretical 
and express the individual opinions of their authors at the times 
of the meetings. Indeed, as stated in the prefaces, the purpose 
of the meetings was to obtain the current opinion of the experts 
on these difficult phases of electrochemistry rather than longer 
range and finished work. From this point of view, these volumes 
contain stimulating contributions and are of considerable value if 
one wishes to know current European thinking in this field. 


HERBERT 8S. HARNED 
UNIVERSITY 
New Haven, 


MICROWAVE SPECTROSCOPY 


Walter Gordy, Professor of Physics, Duke University; William V. 
Smith, Professor of Physics, University of Delaware; and Ralph 
F. Trambarulo, Assistant Professor of Physics, Pennsylvania 
State College. John Wiley & Sons, Inc., New York, 1953. xii + 
445 pp. Many figures and tables. 16 X 23.5cm. $8. 


MIicrowaVE spectroscopy is one of the new and exciting ex- 
perimental techniques that have appeared in the field of chemical 
physics since the last war. The development of radar opened for 
research a new range of the electromagnetic spectrum, and has 
made possible investigations of the low-lying energy levels exist- 
ing in solid, liquid, and gaseous states of matter. Since 1946 the 
reports of this research have been mainly carried in such journals 
as Physical Review, Proceedings of the Physical Society (London), 
and the Journal of Chemical Physics, but now Professors Walter 
Gordy, William V. Smith, and Ralph F. Trambarulo have written 
the first book in this field. Under the title of “Microwave Spec- 
troscopy” the authors discuss molecular rotation spectroscopy, 
pure nuclear quadrupole spectroscopy, paramagnetic resonance, 
ferromagnetic resonance, and other microwave absorption phe- 
nomena. 
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A student of chemistry or physics will find this book a good in- 
troduction to both the theoretical and experimental aspects of 
microwave spectroscopy. The discussion of experimental tech- 
niques presents a convenient and unified picture, for it gives meth- 
ods, diagrams, and electronic circuits. This material would be 
particularly helpful to a new worker in the field. However, this 
section contains little that has not been previously published in 
technical journals. The theoretical sections are weli documented, 
although in many instances formulas are presented without proof. 
This latter aspect will be considered an advantage by a casual 
reader, but those students seeking a fundamental approach will 
have to make considerable use of the many detailed references 
cited by the authors. 

The appendix is of particular interest, for it contains a complete 
and up-to-date summary of the information that has been ob- 
tained from the microwave’ spectra of gases. In addition, a 
bibliography is included which is complete through most of 1952. 


ROLLIE J. MYERS 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


+ CHEMICAL PROCESS MACHINERY 


E. Raymond Riegel, formerly Professor of Industrial Chemistry, 
University of Buffalo (N. Y.). Second edition. Reinhold Pub- 
lishing Corp., New York, 1953. vii + 735 pp. 597 figs. 15 x 
23.5cm. $12.50. 


A sLicut change in name from ‘(Chemical Machinery”’ in the 


first edition (1944) to “Chemical Process Machinery” emphasizes: 


the nature of the equipment discussed in this book. The same 
27 chapters describe machinery in approximately the order that 


the unit operation would be encountered in a chemical processing ~ 


plant. These range from size reduction to instrumentatioz: 
The machinery and equipment used in most of the common unit 
operations are discussed from the viewpoint of their construction, 
operation, capacity, and cost. The size of the book has increased 
from 583 pages to 735 pages. 

Much of the material used in this book has to be obtained di- 
rectly from the manufacturer, who is anxious to extol the merits 
of his equipment. However, the descriptions are accurate and 
the large number of illustrations make it easy to understand the 
manner of operation. Tables give sizes, dimensions, capacities, 
and, sometimes, cost of equipment. Some illustrated problems 
are given showing how to calculate capacities, though these usu- 
ally involve nothing more than reading a set of curves or charts. 

The faults of this book are those of all descriptive texts. 
Everything cannot be described. The student who knows 
nothing about the machinery in a certain field will find most of 
the common types described. The practicing engineer who wants 
information on a special or zanusual type of machine usually will 
not find it. The numerical examples are wasted because no 
background in fundamentals is given. The reading references 
given at the end of each chapter may not even refer to the ma- 
chinery discussed in that chapter. Certainly better and more 
recent, references could have been selected for most chapters. 

The merit of the book lies in the enormous amount of descrip- 
tive material gathered into one place. The student, unfamiliar 
with chemical machinery, does not have to write to scores of 
companies to request catalogues and technical bulletins. He will 
find an elementary description of most-of the common machinery. 
If this is not sufficient, he must then. turn to manufacturers’ 
literature and it would be helpful if:the-book listed manufacturers 
in each field. 

This book is designed to give the would-be engineer some de- 
scriptive background in most of the unit operations. It is suc- 
cessful in doing this. The format and style of the book itself is 
excellent. 


KENNETH A. KOBE 


University oF Texas 
Austin, Texas 


e L. FARKAS MEMORIAL VOLUME 


Edited by Adalbert Farkas, Jenkintown, Pennsylvania, and 
Eugene P. Wigner, Princeton University, Princeton, New Jersey. 
Interscience Publishers, Inc., New York, 1952. 309 pp. [Illus- 
trated. 17.5 X 24.5cm. $6. 


Tuts book comprises a collection of articles, mainly reviews, 
which have been contributed by teachers, colleagues, pupils, and 
friends of Ladislaus Farkas, who was killed in an air accident on 
the 31st of December, 1948. Since the list of contributors is a 
distinguished one the volume is a fitting tribute to Farkas, whose 
brilliant researches, especially on deuterium and its reactions, 
have made so lasting a mark on the progress of physical chemis- 
try. The book will be a valuable addition to the library of physi- 
cal chemists, particularly these interested in chemical kinetics, in 
which field most of the articles lie. 

It is not possible to write a review of all the 25 articles contained 
in the volume, and the writer will merely refer to those articles 
which to him were of special interest; other readers will doubtless 
find other articles that are closer to their special fields. The in- 
troductory article, by Sir Eric Rideal, gives a brief account of 
Farkas’ career. H.C. Urey presents a molecular mechanism for 
the condensation of gaseous constituents in the formation of the 
planets. A brief article by M. Polanyi, on Dalton’s atomic the- 
ory, reprinted from the Manchester Guardian, offers a refreshing 
warning to modern scientists with regard to the present tendency 
to amass accurate but unconnected information without ponder- 
ing on its broader implications. E. P. Wigner gives a valuable 
and readable review of the shell model for atomic nuclei. 

The remaining articles are nearly all in the field of chemical 
kinetics. _Two articles, one by S. H. Bauer and one by H. W. 
Melville and J. C. Robb, deal with methods of measuring very 
rapid reactions—a very important field of study at the present 
time. M. Szware reviews the situation regarding elementary 
reactions’ in the gas phase, particularly those related to organic 
decompositions. H. Eyring, R. B. Parlin, M. B. Wallenstein, 
and B. J. Zwolinski discuss mechanisms of catalytic dehydrogena- 
tions of olefins and consider the experimental data in some detail. 
M. Boudart and H. 8. Taylor discuss the origin of the activation 
energy in chemisorption processes, and M. Burton gives a useful 
review of reactions induced by ionizing radiations. 

Several of the articles deal with reactions in solution. N. Uri 
reviews the situation regarding the reactions of ions in aqueous 
solutions, and J. Weiss discusses in some detail the reaction be- 
tween hydrogen peroxide and ferrous and ferric ions. Several 
articles deal with biological reactions, including that of W. G. 
Frankenburg on the fermentation of tobacco, that of J. Gillis, 
P. Spitnik, and E. Katchalski on hydrolytic enzymes, and that 
of J. Yudkin on enzyme adaptation. 

Any physical chemist who reads this book will surely learn 
much that is new to him and will find a convenient way of keep- 
ing in touch with some recent developments. The general format 
of the book is good. 


KEITH J. LAIDLER 
Ture UNIVERSITY OF AMERICA 
Wasuinoeton, D. C. 


* ENCYCLOPEDIA OF CHEMICAL REACTIONS. 
VOLUME V 


Compiled and edited by C. A. Jacobson, Late Professor of Chem- 
istry, West Virginia University, with the assistance of Clifford A. 
Hampel, Consulting Chemist, Chicago, Ill, and Elbert C. 
Weaver, Department of Chemistry, Phillips Andover Adademy. 
Reinhold Publishing Corp., New York, 1953. 787 pp. 16 X 
23.5cm. $15. 


Tuis volume of the well-known series includes the reactions of 
elements from nickel through ruthenium, and has been published 
after the death of Dr. Jacobson. Subsequent volumes will ap- 
pear under a new editorial] organization. 
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MECHANICAL ENGINEERING THERMODYNAMICS 


David A. Mooney, Principal Mechanical Engineer, Jackson and 
Moreland, Engineers. Prentice-Hall, Inc., New York, 1953. 
xi+ 525 pp. 25 figs. 6 charts. 15 X 22cm. $7. 


As THE title indicates, this book is written for mechanical en- 
gineering students. The topics include a discussion of tempera- 
ture and heat, first and second laws of thermodynamics, properties 
of gaseous systems, various cycles, and fluid flow. The practical 
applications to compression, turbines, power plants, combustion, 
and refrigeration are well covered. 

There is an excellent appendix of tables, graphs, and six charts 
approximately 16 X 21in. These latter are (1) a temperature- 
entropy diagram for carbon dioxide, (2) a temperature-entropy 
diagram for air, (3) a Mollier chart for steam, (4) a pressure-en- 
thalpy chart for Freon-12, (5) a chart of the properties of chemi- 
cally correct fuel-air mixtures, (6) a psychometric chart for normal 
temperatures. 

The book does not have direct application for a chemical thermo- 
dynamics course but does contain valuable reference material 
for teachers in such a course. 

The printing is good and many problems are included. 


ARTHUR A. VERNON 
NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


® GENERAL BIOCHEMISTRY 


William H. Peterson, Emeritus Professor of Biochemistry, and 
Frank M. Strong, Professor of Biochemistry, University of Wis- 
consin, Madison. Prentice-Hall, Inc., New York, 1953. ix + 
469 pp. 4 plates. 74 figs. 47 tables. 15.5 xX 23.5 cm. 
$6.50. 


Tue subject matter of biological chemistry is growing rapidly 
and most authors are tempted to let their textbooks expand ac- 
cordingly. It is therefore a great credit to the critical ability of 
authors W. H. Peterson and F. M. Strong that they have suc- 
ceeded in making understandable a wealth of complex phenom- 
ena in a relatively small space. Emphasis is placed upon the 
materials of the cells and the dynamic processes taking place 
within them. To those who follow biochemistry for its own sake 
the book should prove refreshingly different. A host of current 
texts outline biochemistry as a handmaid to the applied science of 
medicine. This will always be so, for biochemistry of one type is 
taught in medical schools because of its clinical applications. The 
vision of the subject in the present book is broader, so that its ap- 
plications to pharmaceuticals, nutrition, foods, bacteriology, 
agriculture, and botany are also evident. It is reassuring to 
know that in the age of specialization there are still schools and 
teachers capable of encompassing and presenting the whole broad 
field. Competent biochemical scientists must be nurtured on 
such varied fare. 

Being short, the book can claim certain advantages, not the 
least of which is the ability of the reader better to grasp the 
significant interrelationships of the subject matter. Part of the 
success of this briefer presentation is achieved through use of 
carefully arranged tables and diagrams. It is indeed amazing 
that so much has been presented in 431 pages of text. 

A short text of necessity has the disadvantage of not being a 
compendium, and thg extensive discussion needed to completely 
clarify some matters must be omitted. When such a fine job of 
critical sifting has been done it seems almost ungrateful to point 
out what seems an inadequate discussion of the buffer systems in 
maintaining acid-base balance or the nearly complete absence of 
the important and complex story of carriage of blood gases. 
“General Biochemistry” is intended as an introductory book 
and as such should find wide application. Selected references at 
the ends of chapters serve to broaden its presentation and sets of 
review questions should prove useful in teaching. While intro- 
ductory in a sense, the subject material is often far from elemen- 
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tary and its scope is worthy of consideration by seasoned students 
of the field. Particularly noteworthy to the reviewer were the 
chapters by the authors on animal metabolism and those oy 
enzymes and on plant metabolism by Professors G. W. E. Playt 
and R. H. Burris respectively. Students of biochemistry and pp. 
lated fields will benefit greatly from contact with this uncluttered 
and dynamic little volume. 


ELIOT F. BEACH 
BIocHEMICAL LABORATORY 
METROPOLITAN Lire INSURANCE COMPANY 
New York, New York 


* ION EXCHANGERS IN ANALYTICAL CHEMISTRY 


Olof Samuelson, Professor of Engineering Chemistry, Chalmers 
Institute of Technology, Goteborg, Sweden. John Wiley & Sons, 
Inc., New York, 1953. xviii + 291 pp. 46 figs. $6.50. 


Since the original preparation of synthetic ion exchange resins 
by Adams and Holmes in 1935, Professor Samuelson has carried 
on extensive studies concerned chiefly with the development of 
new analytical procedures using these types of exchangers. There- 
fore, he is eminently qualified to write a book on this subject. 

In his book the author has given a complete and yet concise 
description of the important papers describing ion exchange sepa- 
rations. Many publications in foreign language journals with 
limited distribution, which have received inadequate considera- 
tion by previous authors, are presented here. 

In addition to a short Introduction, this book is divided into a 
General Part, Practical Part, and Applications. 

The Introduction consists of a short historical account and a 
brief discussion of the scope of ion exchange methods. It in- 
cludes brief descriptions of various ion exchange reactions which 
are discussed more fully in the remainder of the text. 

The major topics in the General Part are “Fundamental prop- 
erties of ion exchange resins,” ‘Ion exchange equilibria,’’ “Ion ex- 
change kinetics,’ and “Ion exchange column operation.’”’ The 
second and third of these topics are not discussed very fully. 
This is probably justified in a book of this type which stresses ap- 
plications and is only secondarily concerned with theory. 

The Practical Part covers chiefly descriptions of techniques for 
ion exchange separations. Various methods and typical appa- 
ratus are considered. In both this part and the previous one 
there is some unnecessary repetition which could have been 
avoided by using a different organization for the presentation. 
For instance, such subtopics as “Grinding and purification,’’ “The 
sorption step,’ “The washing step,” and “The elution step”’ are 
considered first for cation exchangers and then again for anion ex- 
changers. However, this is not an important consideration and 
does not limit the usefulness of the book. 

The major part of the book deals with Applications. The 
various types of uses have been considered in 19 chapters which 
vary in length according to their importance to analytical chem- 
istry and the number of publications which have been reviewed. 
Based upon the first casual examination of this part of the book, 
it appeared that there were many more examples of some classes 
of applications than were justified. However, a careful reading 
indicated the importance of including each of these examples 
because the procedures vary according to the characteristics of the 
substances being separated. 

In most cases the various applications have been summarized 
very briefly. However, definite procedures have been included for 
a sufficient number of specific applications to indicate how the dif- 
ferent types of experiments were performed. 

The most important general types of applications useful in 
analytical chemistry are discussed in the chapters on ‘‘Determi- 
nation of total salt concentration,”’ “Removal of interfering ions in 
inorganic analysis,” “Isolation of trace constituents,’ ‘(Chroma- 
tographic separations in inorganic chemistry,’”’ and ‘Investiga- 
tions of complex salt solutions.’”’ Important specific applications 
of ion exchange are considered in chapters on ‘‘Aldehydes and 
ketones,” “Sugars and polyhydric alcohols,” ‘Sulfite: waste liq- 
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vor,” “Alkaloids,’’ ‘Amino acids,’ ‘‘Nucleotides, nucleosides 
qd purine and pyrimidine bases,’”’ ‘‘Vitamins,’’ ‘Antibiotics,’ 
and “Other biochemical and biological applications.”’ 

This book should be very useful as a general introduetion to the 
feld of ion exchange, particularly for analytical chemists. Also, 
it provides for those working in this field an excellent reference 
source for nearly all publications through 1951 on the applications 
of ion exchange for separations. 


EDWARD R. TOMPKINS 
U.S. Navat RaproLoaicat LABORATORY 
San FRANcIscO, CALIFORNIA 


e PHYSICAL CONSTANTS OF HYDROCARBONS. 
VOLUME V: PARAFFINS, OLEFINS, ACETYLENES 
AND OTHER ALIPHATIC HYDROCARBONS 


Gustav Egloff, Director of Research Laboratories, Chicago, Illi- 
nis. American Chemical Society Moncgraph Series. Rein- 
hold Publishing Corp., New York, 1953. ix + 524 pp. 15.5 x 
35cm. $20. 


AN EXTENSION, as well as occasional correction, of the data in 
Volume I. Lists such constants as melting and boiling points, 
densities, refractive indexes, and critical constants for aliphatic 
hydrocarbons. Data are drawn from a wide variety of literature 
sources. Only a few of the isomers of the higher hydrocarbons 
are listed. 


¢ IDENTIFICATION AND QUALITATIVE CHEMICAL 
ANALYSIS OF MINERALS 


Orsino C. Smith, Superintendent of Vinvale Refinery of the Rich- 
field Oil Corporation; Vice-president of Pacific Mineral Society, 
Bell, California. Second edition. D. Van Nostrand Co., Inc., 
New York, 1953. ix + 385 pp. 37 figs. 28 plates (color). 
5X 23cm. $7.50. 


Tuis is an excellent handbook for any educational chemical 
laboratory that gives even a little attention to the identification 
of mineral specimens. Over 2000 minerals are listed and classi- 
fied in tables according to hardness and specific gravity. Direc- 
tions are given for simple chemical tests by means of which iden- 
tification may be confirmed. 

Detailed attention is given to experiments with the blowpipe 
on various materials, and the results are shown in colored pic- 
tures. This second edition gives more attention to blowpipe 
analysis than did the first edition. A history of the art of blow- 
piping is included. Bead tests are also described and pictured in 
color. 

Detailed directions are given so that the amateur can construct 
aportable chemical laboratory. In fact, many sections are writ- 
ten so simply that a person without much formal chemical training 
can perform the operations. For this reason, the book will be 
especially welcomed by mineral enthusiasts, including those at 
the secondary-school level. 

A chapter on the use of ultraviolet light and mineral fluoro- 
chemistry was written by Thomas 8. Warren of Los Angeles. 
This chapter is illustrated by attractive color plates. 

The critical comments of Alonzo Quinn of Brown University 
[ras JouRNAL, 24, 311 (1947)] were not incorporated in the 
revision to any great extent. One may still wish for a more com- 
plete description of the crystal form of the mineral. This lack 
is not as serious as it may seem because an entirely adequate 
description is given with the mineral to assure its identification. 

The detailed descriptions of identification procedures, the gen- 
erous use of color plates, and the comprehensive scope of the 
contents all heartily recommend this book. Here indeed is a 
book that fulfills its purpose. 


ELBERT C. WEAVER 


ACADEMY 
ANbDovER, MASSACHUSETTS 
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CHEMICAL PHYSIOLOGY OF CONTRACTION IN 
BODY AND HEART MUSCLE 


A. Szent-Gy6érgyi, The Institute for Muscle Research at the 
Marine Biological Laboratory, Woods Hole, Massachusetts. 
Academic Press, Inc., New York, 1953. xxi +135 pp. 29 figs. 
15 X 23 cm. $4.80. 


Tue present book is in part a new edition of two previous books 
by the famous author; however, it contains so much new material 
as to deserve the special title selected. An introductory chapter 
acquaints the reader with the histology of muscle; it is illustrated 
with good electron-microscope photographs on three plates. The 
main body of the book consists of three parts, each subdivided 
into several short chapters. The first section bears the title, The 
Molecular Mechanism of Motion. It deals with the chemical 
entities of the contractile substance, especially myosin which in 
turn consists of two different meromyosins, actin with its inte- 
grated ATP, and actomyosin formed by the interaction of the 
two above-named substances. An attempt is made to analyze 
the arrangement of these components to give functional units 
(on the molecular level the autone, followed on the microscopic 
level by the protofibril and on the macroscopic level, the fiber). 
Elasticity, plasticity, thermodynamics, and other factors are 
considered. ‘lhe second part, A Study on the Heart Muscle 
Fiber, stresses the great advantages the heart muscle has over the 
body muscles for the analysis of regulations and adaptations, or in 
more general terms for attempts to “‘fit the contractile matter into 
the cellular framework.’’ A wealth of material on the action of 
various substances, such as drugs, hormones, and others, is pre- 
sented. The experiments summarized in this part have been 
done mainly with physiological rather than biochemical methods. 
Apparently, changes in membrane permeability are of great im- 
portance in regulations. The validity of this view, developed 
primarily for the heart muscle, has been checked by confirmatory 
experiments on the uterine muscle. The last part, Interpreta- 
tions, sums up the author’s views on the mechanism of muscular 
contraction. At the nerve ending a local depolarization of the 
muscle membrane occurs. It is followed within milliseconds by 
actomyosin formation which is the beginning of contraction. 
The wave of depolarization passing down the muscle fiber gener- 
ates an electric field (window-field effect) and this is considered 
as the essential trigger mechanism of the contraction. The final 
chapters stress the importance of ions and temperature influences. 

The book is very vividly written and easy to read; it will be of 
interest to physiologists, biochemists, and biologists alike. It 
contains 167 references distributed at the end of the various chap- 
ters, but it has neither an author nor subject index. 


THEODOR VON BRAND 


NatIonau InstITUTES OF HEALTH 
Betuespa, MARYLAND 


* SYNTHETIC ORGANIC CHEMISTRY 


Romeo B. Wagner, Former Assistant Professor of Chemistry, and 
Harry D. Zook, Assistant Professor of Chemistry, The Pennsyl- 
vania State College. John Wiley & Sons, Inc., New York, 1953. 
xii + 887 pp. l18 tables. 15.5 X 23.5cm. $11.50. 


Tuis volume summarizes information, selected as most im- 
portant and representative, on “methods of organic syntheses 
most frequently employed in the preparation of mono- and di- 
functional compounds.’’ Twenty of the world’s most important 
journals reporting organic research have been covered page by 
page over the period 1919-50, and numerous other publications 
have been consulted, resulting in a highly concentrated body of 
laboratory information. Incidentally, “Organic Syntheses” and 
“Organic Reactions’ have rightly been listed where they belong, 
namely among journals making original contributions to knowl- 
edge. While 887 pages, tersely and effectively written though 
they be, cannot tell the whole story of 31 years of research, this is 
a decidedly worthy newcomer to put on the shelf where Lassar- 
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Cohn, Weyl, Houben, “Organic Reactions,’’ Weissberger, and 
Theilheimer already stand. 

With its thousands of literature references this work is still 
much more than a mass compilation. Critical comment is con- 
tinuously given, briefly to the point, including such items as 
yields, choice of catalyst, fields in which maximum success or 
complete failure may be expected, tips on phenomena observed 
during synthesis which would be promising or discouraging, etc., 
etc. 

The 39 chapters bear type-compound titles. As an example, 
Chapter 20 (Cyanides) describes 24 ‘‘methods”’ in 19 pages, fol- 
lowed by 10 tables in 15 pages, listing 379 compounds; and 
lastly, 399 literature references of which a number are multiple. 
“Methods” include both synthesis and reactions. No author in- 
dex or final compound index is attempted, space being reserved for 
much more important items. Freedom from any special symbols 
or scheme of lettering and numbering make this book particularly 
acceptable to a researcher who doesn’t use it quite often enough 
to remember a symbolic scheme next time. 

This book is a good example of high-class offset printing, in 
which attractive modern type is used rather than the old standard 
typewriter face. Intensity of inking, from page to page, is un- 
usually uniform and satisfactory. It would seem that the 
“letterpress” fraternity will have something to worry about if 
such attractive offset jobs become thoroughly fashionable. 


G. ROSS ROBERTSON 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


e CHEMISTRY FOR THE LABORATORY 


Alfred B. Garrett, Joseph F. Haskins, Thor R. Rubin, and 
Frank H. Verhoek, all of the Ohio State University. -Ginn and 
Co., Boston, 1951. xii + 355 pp. Line diagrams and tables. 
26.5 x19.5cm. $3. 


TuERE is but one safe method of obtaining sufficient informa- 
tion for a valid review of a laboratory manual of general chemistry 
and that is to use the manual for at least a year with a reasonably 
large group of students. Your reviewer has not enjoyed this ex- 
perience so that his remarks must be made on the basis of an ex- 
amination of the text alone. 

On the other hand, the authors themselves have had unusually 
wide experience in the use of the experiments, and the ria@nual 
accumulated as the procedures and explanations were used, in 
mimeographed form, by the students. All those who cooperated 
in the preparation of this manual are chemistry professors at the 
Ohio State University.’ At least the senior author of this group 
is widely known for his teaching, his research, and his writing. 
Enrollment in freshman chemistry at Ohio State usually exceeds 
4000. 

A feature of this manual is the inclusion of a number of ingen- 
ious experiments. Exercise 14 tells how to find molecular 
weights by a clever modification of Dumas’ method using only 
common apparatus. Exercise 16 uses the extent of the deflection 
caused by a jet of air on four balls of different weights but of equal 
volumes to illustrate the principle of the mass spectrograph. 
Part of Exercise 18 exploits the fact. that the time required to dis- 
solve a gelatin capsule by water is slightly greater than the time 
needed to drop the capsule in a flask, cork the flask, displace the 
air from the flask, and place the delivery tube under the mouth of 
a collecting bottle. 

There is an abundance of experiments to choose from. There 
are full descriptions of 78 experiments in the 355 pages. A 
rather unusual feature is the inclusion of 13 experiments in or- 
ganic chemistry. 

There are a number of interesting and useful features of the 
book in addition to the experiment outlines. At the beginning is 
a preface including an excellent statement of objectives which the 
authors have kept in mind throughout the book. Three pages 
are devoted to drawings of apparatus. Another three pages is 
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devoted to an exposition of techniques. Appendix I includes q 
complete list of apparatus and materials. Appendix II consists of 
five pages of chemical arithmetic. Appendix III describes the 
use of logarithms and contains a table of logarithms. Appendix 
IV tells what to do in case of accident. Finally, there is an elee. 
trochemical series, a periodic chart, and a table of atomic weights, 
Inside the front cover, there is a table of densities, a list of equiy- 
alent quantities, and a table of vapor pressure for seven liquids 
including water. Pages are punched and perforated so that when 
the blanks have to be filled in, the pages may be removed and 
added to the student’s own record of experiments. 

Directions for the experiments are clearly written. The book 
is designed for students who need not have had any previous 
training in chemistry, but at the same time there is sufficient va- 
riety to permit assignments that will challenge students with the 
best of high-school preparation. Illustrations are realistic and 
neat. 

This manual, using the work-book approach, is probably one 
of the best of its kind that has appeared. 


BENTLEY EDWARDS 


Cuico Strate 
Cuico, CALIFORNIA 


s ATMOSPHERIC POLLUTION: ITS ORIGINS AND 
PREVENTION 


A. R. Meetham. Pergamon Press Ltd., London, 1952. viii + 
268 pp. 8lfigs. 26tables. 14.5 X 22cm. $4.90. 


Tuts book attempts to put into concise and readable form, 
even for those who have no background of professional training in 
the subject, that phase of the broad subject of atmospheric pol- 
lution which has to do with pollution arising from the combustion 
of fuel, with particular reference to bituminous coal. The sub- 
ject matter falls into two major divisions, each accounting for ex- 
actly one-half of the number of printed pages. The first division 
deals broadly with natural and artificial fuels, industrial boilers, 
power and electricity, industria! furnaces, and domestic fires, 
This section of the text contains much factual information and 
around 30 diagrams of various types of furnaces, stoves, kilns, 
and plants. As the author states, the treatment is “kept. as free 
as possible from technical jargon.” 

The last seven of the 15 chapters in the book deal specifically 
with atmospheric pollution. Here, again, the main theme is 
smoke from the burning of soft coal. Accordingly, the text is 
disappointing for the reader in this country, where emanations 
from aluminum paints, non-ferrous smelting operations, and in- 
dustrial processes based upon natural gas, petroleum, and elec- 
tricity have claimed the chief attention and have been the cause 
of much bitter controversy and litigation between agrarian and 
industrial interests. It is a fairly elementary but well-written 
book on atmospheric pollution in England, and should be of in- 
terest to many American readers because of this fact. It is not, 
nor does it pretend to be, a scholarly and comprehensive treatise 
on this important subject. 


ROBERT E. SWAIN 
STanrorp UNIVERSITY 
Sranrorp, CALIFORNIA 


e THE MAJOR METABOLIC FUELS 


Number 5 of a series of symposia sponsored by the Biology De 
partment, Brookhaven National Laboratory. Office of Technical 
Services, Department of Commerce, Washington 25, D. C., 1953. 
vii + 234 pp. Illustrated. 17.5 < 25.5. $1.35. 


SEVERAL papers in short symposia on each of the following 
topics: The Rate of Glucose Utilization, Hormonal Controls, 


New Metabolic Pathways, and Fatty Acids and Ketone Bodies. 
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ELECTROANALYTICAL CHEMISTRY 
By JAMES J. LINGANE, Professor of Chemistry, Harvard University. 


The first third of the book is concerned with fundamental concepts of electrochemistry and the more 
classical aspects of electroanalytical chemistry, such as pH measurement, potentiometric titrations, and 
conductometric methods. The remaining two-thirds of the book deals comprehensively with the newer 
methods of electroanalytical chemistry, including controlled potential electrolysis and its various ramifi- 
cations, such as electrogravimetric analysis and coulometric analysis, and with the rapidly developing 
subject of coulometric titration with constant current. 1958. 458 pages, 107. illus., 16 tables. $8.50 


SOAP MANUFACTURE — In two volumes. 


By J. DAVIDSOHN, Consulting Chemist, E. J. BETTER, Technical Director, Shemen Israel Oil Industry, 
Ltd., and A. DAVIDSOHN, Consulting Chemist, Haifa, Israel. (Fats and Oils Series) 


Contents include: theoretical principles, raw materials, practical soap-boiling processes, special soap 
products, the process of soap-shaping, equipment, design, machinery, and manipulation, properties of 
soap and soap solutions, synthetic detergents, recovery of glycerine, analytical control of raw materials, 
of the process and of the finished product, and an appendix on “a course in laboratory soap making.” 

Volume I: 1953. 538 pages, 66 illus., 118 tables. $12.50 Volume II: In active preparation. 


FIBER MICROSCOPY — A Textbook and Laboratory Manual 


By A. N. J. HEYN, Professor of Natural and Synthetic Fibers, Clemson Agricultural College, Clemson, S.C. 
(Interscience Manual 2 


The material is presented in the form of a standard course, based on the author’s experience with textile 
classes at Clemson. It familiarizes the user with the microscopic appearance of all natural and synthetic 
fibers commonly used in the United States and with the techniques for their identification and investiga- 
tion. Added are a great number of photomicrographs, especially of synthetic fibers, hitherto unpublished. 

1953. 396 pages, 37 illus., 6 tables. $5.50 


IMIDAZOLE AND ITS DERIVATIVES (Part 1) 
By KLAUS HOFMANN, University of Pittsburgh. 
This is the sixth volume to be published in the series, “The Chemistry of Heterocyclic Compounds.” 
Consulting Editor: A. Weissberger. 
1953. 465 pages, 5 illus., 31 tables. $13.50. Subscription price $12.25 
CONDENSED PYRIDAZINE AND PYRAZINE RINGS (Cinnolines, Phthalazines, and Quinoxalines) 
_ By J. C. E. SIMPSON, Late Member of Scientific Staff, Medical Research Council, England. 


This is the fifth volume in “The Chemistry of Heterocyclic Compounds.” 
1953. 414 pages, 96 tables. $12.50. Subscription price $11.25 


ANNUAL REPORT ON THE PROGRESS OF APPLIED CHEMISTRY — Volume 37 — 1952 


A comprehensive annual review of technological dvelopment and of fundamental research based on the 
original journal and patent literature of all countries. The bibliography to each chapter adds up to 
many thousands of entries. 1953. 853 pages. $6.50 


INFRARED ABSORPTION SPECTRA OF STEROIDS — An Atlas 


By KONRAD DOBRINER, E. R. KATZENELLENBOGEN, and R. NORMAN JONES. The Sloan- 
Kettering Institute for Cancer Research and The National Research Council of Canada. 


This atlas represents the major scientific effort of the last fifteen years of Konrad Dobriner and his 
group of collaborators. The majority of the spectra have been measured especially for inclusion in 
this atlas, most of the compounds being taken from the collection accumulated at the Sloan-Kettering 
Institute. 1953. 308 spectra. 638 pages. $11.50 


METHODS OF MATHEMATICAL PHYSICS — Complete in two volumes. 
By R. COURANT and D. HILBERT. 


This is the first English edition, translated and revised from the German original. The translation has 
been carried out by a group of close collaborators under the supervision of the author. The text retains the 
lucidity and elegance of the original. It has been critically surveyed, factual mistakes have been elimi- 
nated, and revisions and additions have been made. 

Volume I: 1953. 577 pages, 28 illus. $9.50 Volume II: Approx. 560 pages 


INTERSCIENCE PUBLISHERS, INC. 250 Fifth Avenue, New York 4, | N. Y. 
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Compact photochemical equip- 
ment for continuous flow, 
batch or recycling processes is 
well recognized for volume 
production. Hanovia lamps 
offer many distinct advantages 
and, frequently, economies 
over other techniques for 
achieving identical reactions. 
Photochemical techniques 
may reveal interesting possi- 
bilities for your manufactur- 
ing processes. Write today for 
descriptive literature. 


Special Products Division — Dept. CE-1153 


CHEMICAL & MFG. CO. 
100 Chestnut Street, Newark 5, W. J. 


_ in your 


ry Set-up! 


n Laboratories for: 
EVAPORATING SOLUTIONS 
@ ALCOHOL AND ETHER EXTRACTIONS 
@ DRYING OF PRECIPITATES 
@ DISTILLING, BOILING, ETC. 


Widely Used i 
@ HEATING AND 


ae 
Mu rte UNIT” Hot Plates are available in seven standard 
sizes, all equipped with three heat switches for temperatures to 
750° F. Special sizes can be made to meet your particular requirements. 
Because of the uniform distribution of the heating elements, 
there is an even temperature over the entire top surface. The 
heating units are readily replaceable by the user 
resulting in economy of maintenance. For complete details, 


SEE YOUR LABORATORY SUPPLY DEALER 
or write for Bulletin HD-835 


HEVI DUTY ELECTRIC COMPANY 


casoratory eurnaces MULTIPLE UNIT  ecectaic exciusivery 


Pat, OFF. 


MILWAUKEE 1, WISCONSIN 
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Sensitivity 


Currently, Kodak Tri-X Panchro- 
matic Film is our “‘fastest’’ regular 
product. Excellent stuff it is too, 
with an Exposure Index of 160, 
beautiful tone characteristics, and 
very little granularity for all that 
speed. It has the important virtue, 
also, of quick availability from the 
shelves of any dealer who carries a 
general line of Kodak products. 

Now, what if 7ri-X Pan Film still 
isn’t sensitive enough for some ex- 
traordinary problem that confronts 
you? 

We have two different answers, 
depending on whether the exposure 
is 1) taking too many hours or 2) 
too many seconds, milliseconds, or 
microseconds. For Case 1, there are 
Kodak Spectroscopic Plates and 
Films of Type 103a. For Case 2, we 
take Type I emulsion and give it 
Class D sensitization, which extends 
in strength from 4600 A to 6200 A. 
Case 1 is chiefly of interest to as- 
tronomers, who know all about it. 
Case 2 occurs more frequently. /f it 
has come up in your laboratory, if 
you can wait until our Research 
Laboratories can coat Type I-D 
emulsion on plates or film for you, 
and if you are willing to put up with 
a little less uniformity, and a little 
poorer pictorial quality and granu- 
larity than Tri-X Pan provides, we 
can give you approximately a 3 to 1 
advantage in sensitivity over the lat- 
ter product under comparable con- 
ditions. Better check first, though, 
to make sure there isn’t some way 
you can use Tri-X Pan Film. 

You can order Type I-D plates and 
films through your Kodak Industrial 
Dealer. (Address on request from East- 
man Kodak Company, Industrial Photo- 
graphic Division, Rochester 4, N. Y.) 
We'll even be glad to coat the emulsion 
for you on 16mm and 35mm movie film, 
but we'll have to ask you to take at least 
10 100-foot rolls of the 16mm or 5 of the 
35mm. The 16mm is priced at $4.98 per 
roll, and the 35mm at $8.25 per roll, 
both on daylight-loading flanged spools. 
On cores for darkroom loading, they 
are priced at $4.37 and $7.50 for 16mm 
and 35mm, respectively. 


Fine needles, fine haystack... 


o-Benzoic Sulfimide (Eastman 38) is 
a white powder melting at 224-226 
C and slightly soluble in water, 
chloroform, alcohol, and ether. The 


compound is of importance in com- 
merce as “insoluble saccharine.” 
2-Aminobenzothiazole (Eastman 
3940) is nearly white crystals, melt- 
ing at 129-131 C, slightiy soluble in 
water, quite soluble in chloroform, 
alcohol, and ether. It is used as an 
intermediate in the manufacture of 
certain photographic chemicals. 
One of our senior chemists, who 
knows the Eastman catalog about 
as well as he knows his children’s 
names and ages, got to brooding 
recently that given one of these 
compounds, even he wouldn’t have 
been able to name the other right 
off as one of its nearest relatives in 
our list. (Both consist of a C3NS 
heterocycle fused to a carbocycle.) 
His unease about the difficulty in 
picking up such relationships among 
his own merchandise pricked him 
to spend a good many hours at 
home making up a deck of cards 
coded for each compound, that 
could be shuffled in various ways. 


We now learn that another chem- 
ist, who works not for us but for 
Remington Rand, has done the job 
by punched cards. We ourselves 
have encoded a fair amount of chem- 
ical data on punched cards, but this 
chemist has done it by the new Wis- 
wesser notation for every Eastman 
Organic Chemical having a known 
structure. Thus electromechanical 
brains, such as are ensconced in 
many large organizations, can fill in 
their idle moments by discovering 
all sorts of important relationships 
among the more than 3500 organic 
compounds available from a single, 
completely dependable source— 
namely, us. 


If you want to know more about what 
this man has done, or if you want to 
purchase our catalog in punched card 
form, write Remington Rand Inc., 315 
Fourth Avenue, New York 10, N. Y. In 
its conventional book form, the catalog 
remains free of charge. If you need a 
copy, write to Distillation Products In- 
dustries, Eastman Organic Chemicals 

. Y. (Division o, t- 
man Kodak Company). Dd 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 
its divisions are... serving laboratories everywhere 
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Kodak reports to laboratories on: 


our answer fo requests for extra-sensitive film or plates...a new way to track 
down organic chemicals . . . three recent publications on color photography, scientific 
photography, and industrial radiography 


Three books 


These three fellows of ours are smil- 
ing for the photographer in celebra- 
tion of the publication of their book, 
“Principles of Color Photography.” 
In the book they don’t smile at all. 
Soberly and with an abundance of 
illustrations, Messrs. Ralph M. 
Evans, W. T. Hanson, Jr., and W. 
Lyle Brewer (pictured r. to 1. in that 
order) present the theory behind 
visual and photographic sensitome- 
try, analyze the methods of obtain- 
ing colorant images, and tell how 
they are combined to give color 
processes. It’s sold by Kodak deal- 
ers for $11, and no inventor of new 
systems of color photography should 
be without a copy. 

No user, or prospective user, of 
the photographic emulsion as a 
scientific instrumentality should be 


‘ without a copy of “Kodak Photo- 


graphic Plates for Scientific and 
Technical Use.”’ Besides giving the 
detailed information implied by the 
title, it contains just about the most 
concise précis of the scientific theory 
of photography to be found. The 
new edition has been extensively 
revised. Kodak dealers sell it for 
50¢. 

Still lower on the price scale, 
namely free, is another newly re- 
vised booklet, “Kodak Materials 
and Accessories for Industrial Ra- 
diography.”’ This one tells how to 
pick the best type of film for any 
non-medical job involving exposure 
to x-rays and describes various de- 
vices to make life more pleasant in 
the x-ray laboratory. You can get a 
copy by writing Eastman Kodak 
Company, X-ray Division, Roch- 
ester 4, N. Y. 


Prices include Federal Tax where 
applicable and are subject 
to change without notice. > 
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NYLAB 


SCIENTIFIC INSTRUMENTS ceacé APPARATUS 


For SPEEDY, PRECISE WEIGHING .. . 
NO LOSS IN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
easy—trinse material directly through funnel tip 
into receiver. Stable, flat base... . lightweight. 


Catalog No. Diam. (mm) Length (mm) | Price, dozen 


25 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


Polyethylene 
Wash Bottle 


Delivers a DROP 
or a STREAM 


Does away with break- 
age ... mouthpieces . . . 
rubber bulbs. With- 
stands flexing indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are perfect 
for washing of glass 
electrodes. 


Catalog No. 15720 15721 15722 15723 15724 
Capacity 30 60 500 
Price 1.15 1.20 


Catalog No. 7. 


For EASY 
ORDERING of 

all LABORATORY 
NEEDS— 


Comprehensive, easy-to-use. Latest instruments 
and apparatus. Handy cross-reference section. 
Over 3500 clear, factual illustrations . . . descrip- 
tive material. Items separately numbered. Printed 
on heavy stock, bound in durable Fabrikoid. 


TO GET YOUR COPY: Write today on company or 
institution letterhead giving name and title. 


76 Varick Street, New York 13, 
“Telephone: CAnol 6-6504 


WHATMAN 


Filter Paper No. 1 
For General Student Use 


Educational Institutions at all levels 
have standardized on WHATMAN 
Filter Paper No. 1 for student use 
in elementary chemistry, qualitative 
analysis, organic chemistry and in 
all work where a high grade, inex- 
pensive, qualitative filter paper of 
medium retentiveness and rapidity is 


required. 
For gravimetric analyses requir- 


ing low ash papers the forty series 
is used and for use in Buechner Fun- 
nels and for other purposes where 
great strength and resistance to al- 
kalies and acids are essential WHAT- 
MAN Hardened Filter Papers Nos. 
50, 52 and 54 are specified. 

If you are not complete!y stand- 
ardized on WHATMAN, it will pay 
you to send for samples and a de- 
scriptive catalog today. 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 


Remember that for Chromatography and 
Electrophoresis, WHATMAN Filter Papers 
and Cellulose Powders are world famous. 


FILTER PAPERS 
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| 
LY 
12803 | 15 40 9.00 
12804 65 10.50 
Biya 12805 38 100 13.50 
Discount of 10% om orders of dozen or more | 
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Just Published—An Important New Text 


in Harper’s New Chemistry Series 
Under the editorship of William Marshall MacNevin, Ohio State University 


SEMIMICRO 
QUALITATIVE ANALYSIS 


Revised Edition 


By HERVEY H. BARBER 
fessor Emeritus of Chemistry 
University of Minnesota 


A thoroughly new text for laboratory 
courses in semimicro qualitative analysis, 
based upon an early text which intro- 
duced the now widely used pressure 
bulb method of semimicro filtration. 
The revision is adapted for use with 
either pressure-bulb or centrifuge filtra- 
tions, details of both methods being 
given. 


A feature of the new text which will 
appeal strongly to teachers is its sub- 


and T. IVAN TAYLOR 
Professor of Chemistry 
Columbia University 


stitution of thioacetamide (CHsCSNH:z) 
for hydrogen sulfide gas as a reagent for 
sulfide precipitations, thus for the first 
time eliminating the disagreeable odor 
and poisonous effects of hydrogen sul- 
fide gas from the laboratory. 


The new text emphasizes procedures, 
limiting theoretical discussions to the 
ionic equilibria involved in procedures 
for separation and identification of the 
ions. 404 pages. $4.50 


HARPER & BROTHERS, 49 East 33d Street, New York 16, New York 
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Kimble makes 


White-bock ki 
Thermometer 


This 


magnified shows two thermameters offer two min- 
utes’ immersion in boiling 4% solution of sodium hydroxide. Notice 


how the filler has been eroded from the one on ‘the right. Notice 
how fused-in filler is unaffected in the new thermometer on the left. 


At last! Graduations that really defy chemical attack! 


Now, after years of experiment, Kimble’s research- 
ers-in-glass have developed a new, permanent, 
fused-in filler for etched-stem laboratory thermom- 
eters. This new filler is as resistant to chemical attack 
as the glass itself. 

Here are thermometers designed to stay legible. 
The filler is fused-in, and can never erode. The du- 
rable markings are unaffected by attack of organic 
materials and acids (except hydrofluoric). Resistance 
to alkalis is as great as the glass itself. 


Proved under abnormal test conditions 


In laboratory tests, instruments were immersed in 
acids, and organic solvents at elevated tempera- 
tures over long periods of time. Test conditions were 
more stringent than any likely to be encountered 
in actual use. 


Every Kimble thermometer is individually retested 
for accuracy ... thoroughly processed with special 
attention to suspension rings and reservoir bulbs 
where residual heat strain is one of the most com- 
mon causes of breakage. 
Economical to use 

Permanent filler plus special processing assure a 
long lifetime of hard laboratory usage. Because 
Kimble thermometers stay in service longer they 
cost less than ordinary etched-stem thermometers. 

These new Kimble Exax thermometers are made 
in a variety of ranges, including those specified by 
the American Society for Testing Materials. 

Your Kimble laboratory supply dealer has these 
new, permanently marked Kimble thermometers in 
stock now. Consult him on your requirements. 


KIMBLE GLASS COMPANY 


Toledo 1, Ohio—Subsidiary of Owens-Illinois Glass Company 
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m An electro-analyzer based on the design 
Meemeciple of Robert W. Notvest, chief 
M@emist, American Brake Shoe Co., is now 
Mailable from Aloe Scientific, Division of 
§. Aloe Co., 5655 Kingsbury St., St. 
iis 12, Missouri. The instrument 
Mploys an anode unit which is a combina- 
m current and gas-conducting (CO, or 
her inert gases) electrode. Agitation is 
meomplished by causing gas flow to be 
rected through anode, where the bubbles 
merge from the bottom of the electrode 
id pass upward over. the convex lower 
ace. This imparts a whirling motion 
Bthe gas bubbles and exerts a scouring 
Beeion upon electrode surface, removing 
iidizing gases. Eliminates spongy de- 
posits; lowers internal resistance of cell 
mpystem, and minimizes overvoltage effects. 
er details may be had by writing to 
be Scientific. 


Plate 


An inexpensive portable hot plate, the 
Fytodisc, has been built for small-volume 
tot-plate” work. Sheathed nichrome 
jpeating elements are cast into the alumi- 
sym iop plate insuring quick heating 
7% F. in 35 minutes), good uniformity, 
long element life. ‘Stepless’” con- 
bl permits precise control of tempera- 
ire. The terminals are protected from 
and short circuits. 

The Pyrodisc has an 8-in. diameter; 
power rating of 660 watts; power service 
f 115 volts, 50/60 cycles; and approxi- 
mate shipping weight of 10 lb. Addi- 
ional information can be obtained by 
equesting Bulletin No. 1030 from Lind- 
berg Engineering Co., Laboratory Equip- 
ment Division, 2444 W. Hubbard St., 
Vhicago 12, Illinois. 


Dry Processor 


Anew, easy way to make ready-to-use 
itive copies of anything that has been 


photo-copied has been developed by Fred- 
eric G. Ludwig, head of the Yale Univer- 
sity Library Photographic Department. 
The process requires less than 20 seconds, 
according to the manufacturer. 

The Constat Portable Dry Processor 
makes this possible. It is made of stain- 
less steel and chip-proof fiber-glass. It 
was designed to be used primarily with 
the Contoura Portable Photo-Copier; 
however, it will work with any photo- 


copier. It is 6 in. wide, 12 in. long, 4 in. 
high, weighs only 8 lb. 

Detailed information in an illustrated 
folder is available from the manufacturer: 
F. G. Ludwig, Inc., Deep River, Connecticut. 


Hornig Ratio Comparator 
The Farrand Optical Co., Inc., has just 
announced the Farrand Hornig Ratio 
Comparator. This new instrument pro- 
vides a means of determining directly the 
spectral transmission curve of a sub- 
stance relative to that of a standard. 


It is designed for attachment to any 
spectrometric equipment to make possible 


AT YOUR 
LABORATORY 
SUPPLY DEALER 


420-C 
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TUBING 


Yes! Now, you know when 
you specify TYGON, you get 
TYGON. For every foot of 
genuine TYGON TUBING is 
permanently branded with 
the name and formulation 
number. 


TYGON is the finest flexible, 
plastic tubing made. It’s glass 
clear, non-toxic, non-contami- 
nating, and resistant to vir- 
tually all chemicals. Don’t 
accept substitutes. Insist on 
the best. Insist on TYGON. 


THE U. S. STONEWARE CO. 
PLASTICS & SYNTHETICS DIVISION 
AKRON 9, OHIO 
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Laberadory APPARATUS 


E.MACHLEIT & SON 


220 East 23rd Streets New Yor« 10, N.Y. 


the low cost deionizer 
for every laboratory student 


ONLY $1.75 


(or less in quantities) 


HANKS to economical DEEMINAC, every 

laboratory student can now have his own 
source of chemically pure water at his fingertips. 
Just one quick squeeze of the pliable bottle 
and DEEMINAC’s filter converts ordinary tap 
water into the equivalent of that obtained by 
triple distillation—maximum impurity content 
of 10 parts per million! While the smallest 
DEEMINAC filter purifies up to 20 gals. of 
water, a color change—black to amber— 
indicates when filter should be replaced. 


$30-861 DEEMINAC available in 3 sizes 


Size Price Bottle & Filter 
bottle Iter each dozen $ 
6 o:. 2 oz $1.75 $19.00 $190. 00 
8 oz. 3 oz. 2.25 24.00 40.00 
16 oz. 4 oz. 3.00 33.00 330. 00 
$30-862 EXTRA FILTERS (Box of 2) 
Size One Box Dozen Boxes 
“Yor. $2.50 "$27.00 
3 oz. 3.50 37.00 
4 ox. 4.50 49.00 


All prices F.O.B. New York, N. Y. 


ESTANLISH 


SUPPLIES CHEMICALS 


Rigid Thermal oes 


Complete Circulation 


Gentle Agitation 


Water Bath 
with Magnetic 
Pumping Action! 


Magnetic Pumping Action—electro magnet 
moves flexible circulator plate up and down auto- 
matically. Gentle, complete agitation is assured. 


From Ambient to 100°C, + %4°— 
water flows over full length modella heating elements. 


Automatic Dual Microtrol—permits oper- 
ator to select and repeat, automatically, any two most 
from room temperature 


Power Selector Switch—repid selection of 


@ 
toratory 


ATUS 


*Also 110 or 220 DC at no extra charge. 


Superior Construction—insulated with As- 
bestocel. Stainless Steel #4 finish. Top rabbetted for 
covers, rod supports, etc, 

GUARANTEED 1 YEARI 

Price complete with Thermometer, Drain and Pilot Lights. 


ig Pr 


ice 
8800S Volts $137.50 
84-854 18"x12"x714” 1600 1150r230 197.50 
S84-855 2400) 0r230 287.00 
S84-856 2750 «115 0r230 375.00 


Please 
All F.0.B. New York, N. Y. 
For detailed information write for 


MACcHIEIT & SON 


220 East 23rd Streets New 10, N.Y. 


SUPPLIES 


CHEMICALS 


obtaining of direct ratio measurements 
recordings—optical and mechanical 
rangement permits flexibility for 
small and large sample cells, filters, poly. 
izers, etc.—errors in ratio caused by fy 
quency characteristics of  detecton 
Transformers or amplifiers are elim, 
nated—energy in comparison beam ; 
kept constant at any predetermined leyd 

Bulletin No. 812, which illustrates ay 
describes the new instrument, is availab} 
on request from Farrand Optical Co., In, 
Bronx Blvd. and E. 238th St., New Yor 
70, New York. 


New Literature 


@A new bibliography on Sequestrey 
(ethylenediamine tetraacetic acid) hy 
been published by Alrose Chemical (o, 
Providence 1, Rhode Island. Copies ar 
available from the company. 

@ A new 40-page catalog has just bea 
published by Blue M Electric Co., 306 W, 
69th St., Chicago 21, Illinois. The cats. 
logue illustrates and describes their com 
plete line of electric ovens, furnaces, an 
nealing ovens, water baths, humidity 
cabinets, and incubators. Copies ar 
available on request from Blue M Electric 
Co. 


@ A new descriptive bulletin on the Du 
Mont Type 301-A, a miniaturized wide 
band, quantitative cathode-ray oscillo. 
graph, is now available from Technical 
Sales Department, Allen B. DuMont 
Laboratories, Inc., 760 Bloomfield Ave, 
Clifton, New Jersey. Front cover 0 
bulletin is an actual-size illustration o 
front panel of instrument, while fold-out 
of the bulletin illustrate depth of inst 

ment, providing an actual-size, 
mensional mock-up of the Type 301-4 
Complete electrical and mechanical spect 
fications are included. 
@ Arthur S. LaPine & Co., 6001 S. Knox 
Ave., Chicago 29, Illinois, has designed s 
rubber tubing wall chart for maximum} 
convenience and instant reference for ux 
in storerooms and laboratories. It it- 
cludes 18 actual size illustrations of amber 
and black tubing, giving inside and out- 


side dimensions, physical properties, and 
prices. It has a metal eyelet for hanging 
on wall and is of proper size 8!/. X 11 in. 
for filing as desired. This permanent 
type chart will be sent upon request at no 
charge. 

@ A down-to-earth review of one of to 
day’s most exciting new sciences is found 
in the color-illustrated booklet, ‘What 
Every Executive Should Know about 
Spectrophotometry,’”’ released by Beck- 
man Instruments, Inc., South Pasadens, 
California. 

It presents for the first time the whok 
story of spectrophotometry—a techniqu 
for analyzing unknown substances by 
measuring the amount of light they ab 
sorb. Case studies show how this rapil 
electro-optical method has practically rev- 
olutionized control chemistry on such 
varied subjects as vitamins in food, ste 
strength in automobiles, and color qualit; 
in lipstick. 

The 16-page booklet tells in readabk 
‘Jayman’s” language just what a spectre 
photometer is, how it works, and what to 
look for in selecting an instrument for any 
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of countless industrial and laboratory 


uses. 

Full-color diagrams, curves, and other 
illustrations serve to graphically demon- 
strate both theory and practical instru- 
ment design. 

Copies of this new booklet can be ob- 
tained from any Beckman dealer or from 
Beckman Instruments, Inc., South Pasa- 
dena 1, California, through requests for 
Bulletin 295-36. 

@ A new guide book on lithium and its 
compounds, is now available from Foote 
Mineral Co., Philadelphia 44, Pennsyl- 
yania. The guide book contains many 
new ideas and new applications of lithium 
chemicals, as well as a complete coverage 
of the current commercial applications of 
lithium compounds. Your lithium guide 
book will be mailed upon application to 
R. D. Drake, Advertising Manager, Foote 
Mineral Co., 18 W. Chelten Ave., Phila- 
delphia 44, Pennsylvania. 

@ Bulletin 15C, recently revised and re- 
issued by Central Scientific Co., illustrates 
and describes their complete line of scales, 
balances, weights, and accessories. In- 
cluded are trip scales; general laboratory 
balances; analytical, torsion, spring, spe- 
cific gravity, and special purpose balances. 
A copy may be obtained without charge 
by writing Central Scientific Co., 1700 
Irving Park Rd., Chicago 13, Illinois. 

@ New data bulletin illustrates and de- 
scribes the Varian Model V-4300 High 
Resolution n-m-r (nuclear magnetic res- 
onance) Spectrometer. Following an in- 
troduction characterizing the new instru- 
ment as a basic laboratory research unit 
for rapid non-destructive analyses of 
chemical bonding situations leading to 
identification and measurement of com- 
ponents in a mixture and assignment of 
structural formulas, the publication in- 
cludes further specific data on thespectrom- 
eter and suitable magnet system. Data 
are included on basic operating charac- 
teristics; general arrangement of subunits 
encompassing the probe, the radio-fre- 
quency transmitter and receiver, sweep 
device, power supply, and oscillograph. 
The folder is identified as publication No. 
40, and may be procured from Varian 
Associates, 611 Hansen Way, Palo Alto, 
California. 

@ A new folder, giving specifications and 
helpful information about the use of Ash- 
Free Anti-Creep Reagent Fluid as an aid 
to filtration, is now available from Carl 
Schleicher & Schuell Co., Keene, New 
Hampshire. 

@ The latest edition of the Reilly Chem- 
ical Index containing 60 compounds 
has just been published. Indexed both 
alphabetically and by class (acetylenic 
alcohols, fused ring heterocycles, hy- 
drocarbons, phenol and substituted phe- 
nols, pyridine and pyridine derivatives) 
this latest booklet is a concise presentation 
of the most essential information on the 
products available. Copies of this Reilly 
Chemical Index can be obtained directly 
from Reilly Tar & Chemical Corp., 1615 
Merchants Bank Building, Indianapolis 4, 
Indiana. 

@ New literature describing Electron 
Microscope-Table Model Type EMT is 
now available on request from Engineering 
Products Department, RCA Victor Divi- 
sion, Camden 2, New Jersey. 


McLeod Gauges 


are the most convenient and economical 
instruments for measuring low pressures of 
true gases from 1 micron up. 


The uniform built-in accuracy with 
ACE Trubore® tubing provides the 
finest in McLeod Gauges. 


Permits interchangeable scales for 
quick accurate readings without re- 
calibrating entire gauge. 


4 


Top of capillary end is evenly flat. 
Adjustable scale enables lining up 
top of capillary, thus eliminating 
errors inherent in fixed automatic 
zeroing devices. 


stee Offers You 


CONTINUED HIGH ACCURACY at NEW LOW PRICES 


Pressure Range 


Lowest Reading 


Type mm. Hg. mm. Hg. Price 
A 0-1.0 0.001 $39.95 
B 0-5.0 0.005 38.95 
Cc 0-10.0 0.010 36.95 
D 0-15.0 0.50 35.95 

Prices Subject to Usual Discounts 


For Bulletin— Write DEP’T MG-C 


For Catalog listing an unusually comprehensive line of Industrial and 
Laboratory Glassware and related equipment, write for ACE Catalog “50”. 


Booth 710 


Chemical exposition, Phila. Nov. 30—Dec. 1 cordially invites you to see the 


interesting ACE Exhibit. 


ACE GLASS ® INCORPORATED 


VINELAND 


NEW JERSEY 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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Give the Practical - - 


the Useful Gift! 


-- a subscription to the Journal of 


Chemical Edueation. 


A lasting reminder throughout the year of your thoughtfulness and taste. No other gift 
gives so much for so little. A beautiful Christmas card, made from a woodcut of the 
famous painting, ““The Alchemist’’ by David Teniers, the Younger, personalized with 
your name, will be sent Christmas week to each person for whom you subscribe. 


SPECIAL REDUCED RATE SAVES $ $ $ $ $ 


Money saving Christmas rates now in effect. Use this form to enter your gift subscrip- 
tions at the special reduced Christmas rates—$3.50 for the first subscription and $3.00 
for each additional subscription. You may include your own subscription with a group 
order at the reduced rate. This offer expires Dec. 15, 1953. 


JOURNAL OF CHEMICAL EDUCATION 
20th and Northampton Streets, Easton, Pa. 


Please enter subscriptions to the Journal of Chemical Education for one year for the names 
listed below at the special reduced Christmas rates. Send Christmas gift announcement 
cards in my name. I enclose $—— to cover the cost of —— subscriptions. 

CJ Include my own subscription for one year. 


Signed School 1] 
Firm 

Address 
City Zone State 

name iY name 

school [] school [J 

address address 

city zone state city zone___ state 

name rh name 

school [] school [] 

firm firm 

address address 

name name 

firm firm 

address address 

city. zone____ state city zone____ state 
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STIRRER 


Operates in many positions because of double swivel 
mounting clamp; offers maximum torque at various 
speeds through two output shafts. 


This variable speed stirrer with two output shafts offers speed and 
torque combinations capable of handling a wide range of labora- 
tory jobs. Stirring motor mounts on rheostat housing by double 
swivel clamp. This housing serves as a clamp and fits the spe- 
cially designed heavy support. Universal 1/50 H. P. stirring motor 
has two output shafts (one through a gear reduction) developing 
up to 5000 and 208 r.p.m. with full load. Chuck holds a 1/4” 
stirring rod. The special support has a 3/4” diameter 30” long 
nickel-plated steel rod. Containers up to 12” diameter can be 
placed close to the support rod between the front legs. 


SCIENTIFIC Cat. No. 77-838 Eberbach “Universal” 


INSTRUMENTS Stirrer shown above complete with special 
C-APPARATUS support, 2 step pulley, chuck, 12” stainless 
steel propeller, for 115 volt AC or DC sells 
CORPORATION eel prop 


ANN ARBOR. MICH.. ESTABLISHED 1049 


Insist Upon the BEST...... 


WORLD FAMOUS DETERGENT 


No matter what you want to clean . . . blood, encrusted pipettes, 

metalware, porcelain ware, machine parts, instruments . . . no mat- 

ter how dirty or greasy they may be . . . ALCONOX will make 

Bs them sparkling clean, film-free, streakless. 

In hot or cold water, ALCONOX is equally effective. It actually 
Available in: lifts off dirt, grime and grease faster than anything you have ever 

Box of 3 Ibs. — Price $ 1.95 tried. 


Carton (12 x 3 Ibs.) ea, 18.00 SAVES ENERGY, SAVES TIME 


Barrel of 300 Ibs...... Ib. .37 ful makes a gallon of active cleanser for less than 21 cents per gallon. 
(slightly higher on Pacific Coast) Dept. JCE7 
If your dealer cannot supply 


you, write for literature and 
samples. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


a 
Drum of 100 Ibs.......1b, .40 Just wash and rinse. Toweling practically unnecessary. Economical too—one spoon- 
_auconox | ALCOMOX, | 
39 


That Amend Drug & Chemical Co. 
can fill your order more completely. 


They have the Largest Listing 
of Organic and Inorganic Chemicals. 


For Efficient Service—Specify 


AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street 


New York 10, N. Y. 


“I have just examined a copy of the 25-Year Cumula- 
tive Index of the JOURNAL. I congratulate you upon 
a beautiful piece of work. The Index will be of in- 
calculable value not only to teachers, but to au- 
thors of the JOURNAL. I think a justified criticism 
of the work of the latter—and I include myself— 
has been their failure to recognize the contribu- 
tions of others in the field. Now that the Index 
is available your reviewers can crack down on 
those in the future who skim over this essen- 
tial of good scholarship.” 

from a letter to the Editor 


The 25 Year Cumulative Index to the JOURNAL OF CHEMICAL 
EDUCATION is not a compilation of the annual indexes. It's a 
completely new index made from a study of each issue pub- 
lished since January 1924. This Cumulative Index is a veri- 
table bibliography of the entire field of chemical education. 
It’s a source book of ideas for the teacher ‘and the chemist in 
industry alike. If you have access to the JOURNAL, you need 
a copy of the Cumulative Index. Order it today. 


($3.50 foreign) 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 
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Introduction to the 


Science of Chemistry 
By MYSELS and COPELAND 


In this beginner’s text the tradi- 
tional sequence of topics has been 
newly organized. Discussion of physi- 
cal changes precedes that of chemical 
changes; plan of development is 
from experiment to theory and from 
the simple and familiar to the un- 
familiar. The concept of equilibrium 
and Le Chatelier’s principle are em- 
phasized. Laboratory Manual. 


Essentials of Organic 
Chemistry, Revised Edition 


By PORTER and STEWART 


A concise and adequate develop- 
ment for a semester course of the 
facts and theories of organic chemis- 
try. Designed to develop an under- 
standing of the applications of or- 
ganic chemistry to related fields such 
as medicine, pharmacy, dentistry, 
home economics, and agriculture. 
Modern terminology and viewpoints 
are incorporated in this revised edi- 
tion. Laboratory Manual. 


GINN AND COMPANY 


Home Office: Boston 


Sales Offices: New York 11 Chicago 16 
Allanta 3 Dallas 1 Columbus 16 
San Francisco 3 Toronto 5 


Please mention CHEMICAL EDUCATION when writing to advertisers 


The service is right! 
No Filters to buy! 


JUST DIAL 
THE COLOR 


The Coleman Junior Spectrophotometer is the successor 
to all filter colorimeters . . . most popular for routine 
analytical Color Chemistry. Adopted as the standard 
instrument by the Armed Forces Medical Laboratories, 
the American Oil Chemists Society, hundreds of others. 
For the Clinical Laboratory—the Coleman 
Junior Spectrophotometer is the choice of fine labora- 
tories, throughout the world. 

For the Chemical Laboratory—aoccurate, fast 
and simple. 

For the School—it can stand rough treatment by 
students and untrained operators without loss of precision. 
No electronic circuits, vacuum tubes or maintenance 
problems. 

No. 7108B-JC1l1 SPECTROPHOTOMETER, for Constant Drain storage 


Single opening accepts 25 mm. test tubes. With constant voltage trensformer 


for 110 volts, 60 cycle A. C. Black plastic case. Each....... $460.00 
Authoritative Bibliography of Photoelectric Spectrophotometric Methods of 
Analysis for Inorganic lons, by Stillman and Dunlap......... $1.50 
Practical Clinical Chemistry, by Dr. A. Heller..............+++ $6.50 


ANDERSON 


W. DIVISION ST CHICAGO 51 


Ginn and Company (yilbent 
| 
Z 
Ae 
Y 
battery 6 volts. Each) «6422.50 
No. 7108-JC11 SPECTROPHOTOMETER, Coleman Junior Model 6B. 


EDUCATIONAL INSTITUTIONS 
INDUSTRIAL LABORATORIES 
HOSPITALS 


Prefer ACME equipment because.... 


Acme offers accuracy assured by sensitive 
controls..Construction by experienced 
craftsmen. .Materials. .Exclusive features 
available only in these Acme products. 


@ AUTOCLAVES 
@ OVENS—GRAVITY—MECHANICAL 


@ STERILIZERS—HOT AIR 
@ INCUBATORS 

; @ HUMIDITY CABINETS 

@ BATHS—WATER—OIL IN 
WRITE FOR COMPLETE CATALOG TO DEPT. A 


TAY steriuizers—steam 


@ WATER HEATERS 


ACME LABORATORY EQUIPMENT CO. 


| 506 West 124 St. 


New York 27, N. Y. 


SPRAY 
DRYERS 


developed especial- 

ly for qualitative re- 

search and product 
evaluation. 


Furnished as a complete unit on 3’ x6’ table. Operating in more than 100 
colleges and industrial laboratories with highly satisfactory results since 1945. 
i] Stainless steel construction — simple to operate — easy to clean. Operating and 
i technical data in illustrated bulletin sent on request. 


BOWEN ENGINEERING, 
NORTH BRANCH 11, NEW JERSEY 


INC. 


PP PDE 


JOURNAL OF CHEMICAL EDUCATION 


ton, Pennsylvania 


Please ay to the JOURNAL OF 


‘ 
‘ 
> 
$ 
‘¢ CHEMICAL EDUCATION for...... ears 
'§ (  _) Remittance of $...... inclosed ) Please send 
! invoice. 
_ Two years $6.00 Three years $8.50 
‘ 


4 
n subscriptions add Saag early; : 
on Foreign add $1.00 tins } 


Wsere say. 


PHOTOELECTRIC 


FLUOROMETER 


“is precise ard stable” 
“is easy to operate” 


“has a wide range of 
sensitivity” 


The Farrand Fluorometer is 
widely used by outstanding 
laboratories for research and 
routine fluorochemical an- 
alysis. It provides stability and linear response 
over a wide range of sensitivities for measurement 
of extremely low concentrations in micro or 
macro volumes of solution. Suitable for all 
fluorometric methods of analysis. 


A list of users and complete details about 
this instrument may be had by writing for 
Farrand Bulletin #803. 


FARRAND OPTICAL CO., Inc. 


BRONX BLVD. and EAST 238th ST., NEW YORK 70, N.Y. 


@ ACID WASHED © 
@ INDIVIDUALLY TESTED 
@ Fired-cx DISC WILL NOT CRACK. 
IGNITION 
_@ PRECISION CONTROLLED POROSITY 
cs crucible is individually tested 


Coors 
COLDEN, COLORADO 
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Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCTS 
ELECTROPHORESIS APPARATUS « BIC COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


1953 Please mention CHEMICAL EDUCATION when writing to advertisers 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N.Y. 


LABORATORY STIRRERS 


with COMPLETE Speed Control 


GEAR DRIVE STIRRER 


The heaviest gear drive stirrer of the PALO line, 
incorporating all the features of power, ruggedness 
and durability—with the addition of reduction 
gears giving high torque at low speeds. 


e@ 1/18 HP motor. 

@ Table-top speed control rheostat. 

@ High speed shaft to 5000 RPM. 

© Low ‘speed shaft to 833 RPM with a 
maximum torque of 3.0 in. Ibs. 

e 5/16” true running chuck. 

®@ Stainless steel mounting rod. 

® Can be used with any laboratory support. 

@ 110 volts, AC-DC. 


This is just ome of our complete line of hi igh quality labora- 
tory stirrers—all kinds, for all purposes. Tell us your needs. 


See Your Regular Supply Dealer or Write Directly tojUs. 


PA LO LABORATORY SUPPLIES, Inc. 


81 Reade St., New York 7, New York 


Palo-Myers, inc 


Now avatadl. 


Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid; 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine Hydr ochloride; Adenosine Diphosphate; 
Adonidine; Alanylglycine; Alkaloids; 4-Aminopyridine; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; 1-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
benzoxychloride; Coppin Catalase cryst.; Cellulase; Cerotic Acia; 
‘eryl Alcohol; B-Chloralose; p-Chloroanilidophos- 
phonic Acid; Cholesterol Esters; Circule- 
tory Hormone; Clupein; Collagen; +Collidin Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Gluceside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropyl Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucic Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Gleconscerblc Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; 
Glycylleucine; Glycyltryptophane; Glyc 3 Hexo- 
Hyaluronic Acid; 4-Hydroxyacridine; B-Hydroxyslutemic 
Acid; a-Hy: 12-Hydroxystearic acid; lodoacetamide; 
id; Acid; Isocitric Acid; Isocytosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; 


ide; 8-Mercaptopropionic Acid; Mescaline Mesocystine; 
Methyl-bis-Chioroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethyipropylenediamine; Naphthy! Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolphthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purpurogallin Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; ingomyelin; Sphin- 
Stilbamidine; Sulfaquinoxaline; hioride; o-Ter- 
phenyl; m-Terphen rx Acid; 8-Tocopherol; 
ine rope cid; 
bilin; Ursolic A cid; Vitamin 


sphate 
ina Uridine; Uro- 


Ask us for others! 


DELTA CHEMICAL WORKS nc. 


23 West 60th St. New York 
Telephone Plaza 7-6317 
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For those who need 
the highest purity dis- 
tilled water, free from 
all types of impurities, 
including organic and 
colloidal impurities, 
and bacteria, the Barn- 
stead Water Still is 


the sure, proven, dependable answer. 


Capacities 4% to 1000 gallons. Write 


LABORATORY for Catalog F. 
Barnstead DEMINERALIZERS 


The Barnstead Bantam Demineralizer is 
particularly convenient for laboratories 
that need only mineral-free water. Em- 
ploys renewable cartridge. No regenera- 
tion required. Capacity 5 to 8 gallons 
per hour. Now used by hundreds 
of laboratories. 
Write for Bul- 
letin #124. 


Uyveers of ProgreuX), 65 Lanesville Terrace 
y Forest Hills 


Boston 31, Mass. 


About the most important years in this 
country’s chemical history ....... 


The Life of Ira Remsen 
by Frederick H. Getman. 


* ‘As a biography of a man important in the history of 
American Chemistry, Prof. Getman’s story is well and 
sympathetically told. He has had access to diaries, 
— letters and family memorabilia which enabled 

im to write a book which students of chemical his- 
tory and Remsen’s many friends will welcome. 


& “But more than the life of a great chemist and teacher, 
the book is a condensed version of the most important years 
in this country’s chemical and chemical engineering his- 
tory. Dr. Remsen saw the collegiate idea change from 
the viewpoint of chemistry as just a part of a general 
cultural training to that where it was a scienee and 
taught as such. He saw the general acceptance by 
industry of the idea of the necessity of adoption of the 
most scientific methods possible. And it may be said 
that the growth of these ideas was in a large part due to 

the teachings of Dr. Remsen.”’ 
Chemical Engineering 


This story of the career of a leader in the establishment 
* of sound scientific instruction in chemistry and chemi- 
cal research in America belongs in the library of every 
chemist and chemistry teacher. For the general reader 
who takes pleasures in coming into intimate contact 
with the lives of great people, it is a rewarding biogra- 


phy of a notable career. 

Handsomely bound, gold stamped, and illustrated with 
photographs. 

172 pages (posTPAID) $3.50 


CHEMICAL EDUCATION PUBLICATIONS 
EASTON, PENNSYLVANIA 


Especially for 
Chemists.... 


THE CHEMIST John I. Grady, 
AT WORK — John W. Chittum, et al. 


Through this book a student can obtain a preview of the 
whole field of chemistry and select the type of work for 
which he is best fitted. Here are the requirements and 
duties, described by 53 practicing chemists, of a great 
variety of jobs for the trained chemist in education, research 
invention, the literary field, government laboratories, 
medical technology, and many industries. A useful, prac- 
tical book for student and teacher, vocational counselor, and 
library. Illustrated. 354 pages $3.00 


The Science Counselor says, “A book that can add 
sparkle to your teaching. It brings information of such great 
value to your students that it could well be required reading.” 


DISCOVERY OF 
THE ELEMENTS — Mary Elvira Weeks 


How the chemical elements were discovered, one by one, 
is told here for the first time as a connected narrative. 

hese interesting and often exciting accounts, recorded in 
many instances in the discoverer’s own words, not only 
inform the reader of momentous scientific achievements 
but acquaint him with the life stories of men and women 
whose labors have made possible most of the material bless- 
ings we enjoy today. Nearly 350 illustrations provide a 
panorama of chemical history. 578 pages $4.00 


CHEMICAL RUSSIAN 
SELF TAUGHT — James W. Perry 


For the chemist who wishes to read about technical ad- 
vances in Russia in the original Russian, this book provides 
a simple method of studying the language. Dr. Perry 
who taught himself to read Russian, says that anyone will- 
ing to devote half an hour daily to the task can master it 
adequately in six months. Even though you may want to 
learn only enough Russian to read titles of technical 
articles, this book is a worthwhile investment. 

221 pages $3.00 


THE CHEMICAL ARTS 
OF OLDCHINA — __LiCh’iao-P’ing 


Many of the practical arts which we today call chemical 
industries originated in China. This book written by a 
chemical scholar describes the earliest known methods for 
making paper, metals, ceramics, lacquer, gunpowder, dyes, 
perfumes and cosmetics, vegetable oils, sugars, leather, etc. 
Chemists and students of Chinese arts and crafts will find 
this handsome and profusely illustrated volume mer 
reading. $5. 


THE LIFE OF 
IRA REMSEN | F. H. Getman 
Besides telling the life story of a great chemist and teacher, 


this notable biography is a condensed version of the most 
important years in our country’s chemical history. $3.50 


Order these direct from 
CHEMICAL EDUCATION PUBLICATIONS 


2050 Northampton St., Easton, Pa.____! 
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FOR LABORATORY AND 
SMALL LOT PRODUCTION 


Model 10 in either stainless steel, hard 
rubber, or brass, nickel or silver plated, to 
meet all laboratory filtration requirements, 
provides the versatility that ranks it “tops” 
in modern laboratories. Model E-1 is 
recommended for lab or batch filtration of 
5 to 10 gallons. Model EBW is the smaller 
production unit that has solved hundreds of 


operations for extremely low initial 
investment. 
MODEL No. 10 
CYLINDER 
TYPE 
| MODEL E-1 
‘= | SINGLE DISK 
MODEL EBw “4 
FILTER 


Experience has proven that the great 
majority of filtration problems can be 
solved by our engineers with their sea- 
soned background of filtration experi- 
ence. What's your problem? 


ERTEL ENCINEERING 


RATION 


KINGSTON 2, NEW YORK 
Branch Office & Showroom Located in New York City 
COMPLETE LINE OF 


THOMAS 
RECISTER 


Spectrometer Checked) 
4 ~ RARE GASES 


“HELIUM NEON « ARGON © KRYPTON - XENON 


Line. ore mass spectrometer. checked to 
& assure You gases of known purity ond uniformly 
quality. Available in’ 
glass bulbs. 


LinbE, the world’s largest producers of gases derive 
from the atmosphere, can meet your individual needs 
of purity... volume ... mixtyres... containers... 


LINDE AIR PRODUCTS COMPANY 


‘iis UNION CARBIDE AND CARBON CORPORATION 
20, beet 42nd New York 17, N.Y. 


FOR | q 
CATALOG WALK-IN ag 
CONSTANT 
TEMPERATURE a 

ROOM 

Temperatures can be main- | 

tained from 35°C to 60°C. a: 

with accuracy of plus or if 


minus 12 °C. 


Designed for laboratories where one No. 1271 
room will eliminate the need for a number of small individual 
cabinets, particularly where constant temperature with a high de- 
gree of accuracy is required. 


Highly reccommended for specific gravity determinations conduc- 
tivity tests, ere chemical and botanical experiments, aging 
tests and for bacteriology uses: 


Room is fabricated of Aluminum and is shipped in sections that 
can pass a 
3 hours. 


30” doorway and be completely assembled within 2 to 


THREE SIZES 
1270 Interior Size 48”W x 72”D x 84°H. 
1271 Interior Size 48”W x 48”D x 
1272 Interior Size 48”W x 96”D x 84”H. 


5097 COTTMAN STREET, PHILADELPHIA 35 PA 


Extra advantages for you .. . 


TRIPARTITE Z 


FIELD OF VISION 


The tripartite field of vision is one of the extra advantages 
you get in the KERN Polarimeter. This makes it possible 
to reach the point of equal light intensity with more ease 
and greater accuracy than with bisectional fields. 
Its extra advantages and low price make the KERN the 
most popular polarimeter for schools and colleges. 


Write for Bulletin KP-514 
Sold by all leading suppliers 


KERN COMPANY 


5-7 Beekman St., New York 38, N. 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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CHEM ED BUYERS’ GUIDE 
EQUIPMENT SERVICES 
1928 to 198 QURNALS Chemical MAGNETIC $1995 
Abstracts, J. Am. Chem. Soc., Ind. pn gi Comprehensive STIRRE R 


& Engr Chem. (inel. Anal. Ed.). 
Excellent condition. Also early J. 
Chem. Educ. Offers solicited. Dr. 
R. W. McLachlan, P. O. Box 91, 
Upper Montclair, N. J. 


Mois-Tec RG 


A new reagent for low concentrations of 
water, with possibilities of usefulness in 


many fields 
Write for Data Sheet RG-JCE 


R. P. CARGILLE LABORATORIES, INC. 
New York 6, N. Y. 


117 Liberty Street 


GLASS BLOWING 
by 


According to specifications for chemical, medical, 
Industria! H LABORATORIES. 


for our quotation 


Please 
LABORATORY GLASS SUPPLY CO. 
610 W. 150th St. New York 31,N. Y. 


/ SPRAY DRYING 
LABORATORY 


available for tests & product evaluation 


FULLY DESCRIBED IN 20 PAGE 
BOOK...WRITE FOR COPY 


Recognized Leader in Spray 
Dryer Engineering Since 1926 


No Chrome No Gadgets Strictly Utilitarien 
Alnico Magnet « Switch » Metal Case 
JAMES INSTRUMENT COMPANY 
P. O. Box 757 Newark 1, N. J. 


4-Hydroxy, 3-Methoxy 
Cinnamic Acid 
Ferulie Acid 
Tech. and C. P. 
AMERICAN BIO-SYNTHETICS CORP. 
710 W. National Ave. 


POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 
CONTINUOUS FLOW 

SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 
QUARTZ CONTROL PLATES 
Write for new list PT-14 


0.C.RUDOLPH& SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


Milwaukee 4, Wisconsin 

CHEMICALS 
RAR METALS 
MINERALS 


MANUFACTURERS OF RARE CHEMICALS 


Send for Lists 
A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


NOW OVER 5/00 
CHEMICALS 


4,4’-Dinitro-1,1’- 
binaphthyl 
@ 2,2-Dinitrobiphenyl 
1,5-Dinitronaphthalene 
1,8-Dinitronaphthalene 
1,6-Dinitro-2-naphthol 
2,6-Dinitrophenol 
B-Diolein 
4,4’-Diphenylbipheny]l 
Diphenylcarbamyl 
Chloride 
Diphenyldichlorosilane 
Diphenylglycine 
Diphenylhexatriene 
@ Diphenylhydroxylamine 
@ Diphenyline 
Diphenylphoshoryl 
Chloride 
Diphosphoglyceric Acid 
(Pentabarium Salt) 


ASK FOR OUR NEW 


17 West 60th St. New York 23, Nove 
Plaza 7-817) 


N-Methyl-sec.— Butyl Ketone 
b-Mercaptoethylamine HCl 
N-Propyl-sec.—Buty! Ketone 
N-Propyl-iso— Butyl Ketone 
EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


Certified Buffer Solution 
for your pH Meter... at 
$1.88 per liter! 


Each Coleman Certified Buffer Tablet 
makes 100 ml of FRESH liquid buffer 
solution ...for calibration of ANY 
pH meter! 

Tablets keep indefinitely. Order a 
few vials...any pH value from 2.00 
PH to 11.80 pH, in steps of 0.20 pH— 
specify Cat. No. JC-11. 


BERL SADDLES 
Column Packing 


In dense, unglazed 
chemical stoneware or 
porcelain, 4%” and 
4mm sizes for labora- 
tory use. Write for data 
sheet No. 13Y or see 
your laboratory supply 
house. 


Maurice A. Knight 
211 Kelly Ave., 
Dept. A, Akron 9, Ohio 


* INEXPENSIVE 
* EFFECTIVE 
* PROFITABLE 


That’s what they say about 
Chem Ed Buyers’ Guide. 


The 

Chemical 
Arts of | 
Old China 


LABORATORY SUPPLIES AND CHEMICAL 


Li Ch’iao-P’ing 


“Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handle Chinese goods.... 
A truly attractive volume for 
all people of culture.’’—Cien- 
cia e Investigacién, Buenos 
Aires 


(Outside U.S.A. $5.50) $5.00 


Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Easton, Pennsylvania 
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Ray Hawley 
Acme Laboratory Equipment Co.. ae 
Agency: Harold R adgiff 
39 


Agency: isaac. Handy & Van Den- 
(Div. of A. Co.).. 19 


Agency: Westheimer and B 


Amend Drug & Con 40 

Agency: aldwin, Bowers & Strachan 

Angel & Co., H. Reeve............... 32 

Barnstead Still & Sterilizer Co......... 44 
Agency: Copley Adv. Agency, Inc. 

Bersworth Chemical Co............... 16 
Agency: Meissner & Culver, Inc. 

26 
Agency: L. W. Frohlich & Co. 

IFC 

Bowen Engineering, 42 
Agency: W. N. Hudson, Adv. 

Chem. Ed. Buyers’ Gait. 46 

Central Scientific Company........... 8 
Agency: Marsteller, Ge ree & Reed, Inc. 

Coleman Instruments................. 48 
Agency: Jack Hollander 

42 

Corning Glass Works................. 21 
Agency: Charles L. Rumrill & Co., Inc. 

Delta Chemical Works, Inc............ 43 
Agency: Miller Adv. Agency, Inc. 

31 
Agency: Charles L. Rumrill & Co., Inc. 

39 

Electric Hotpack Co., Inc............. 45 
Agency: Wilfred A. Jacobi 

Ertel Engineering Corp............... 45 
Agency: W. N. Hudson, Adv. 

Farrand Optical Co., Inc.............. 42 
Agency: Firestone Advertising Service, Inc. 

Agency: Smith, Taylor & Jenkins, Inc. 

& Company... 41 
Agency: Hermon W. Stevens 

Agency: Fairfaz, Inc 

Hanovia Chemical & Mfg. Co......... 30 


Agency: Doyle, Kitchen & McCormack 
Harper & Brothers, Publishers. ....... 
Harshaw Scientific Div. Harshaw Chem. 24 
Hevi Duty Electric Company......... 30 

Agency: Camm, Costigan & Seitz, Inc. 


International Equipment IBC 
Interscience Publishers, Inc........... 29 
Agency: Henry E. Salloch 
45 
Agency: Walter Benz 
34 
Agency: J. Walter Thompson Co. 
18 
Agency: Hammond-Goff Co. 
43 
LaPine & Co., Arthur S............... 11 


Agency: Vernon S. Weiler : 
Linde Air Products Co., The (Unit of 


Union Carbide & Carbon Corp.)..... 45 
Agency: J. M. Mathes, Inc. 

Longmans, Green & Co., Inc.......... 20 
Agency: Waterston & Fried, Inc. 

McGraw-Hill Book Co., Inc........... FC 

Agency: J. Voorhies, Advertising 

10 
Agency: Atherton & Currier, Inc. 

Mallinckrodt Chemical Works... .. . 22 & 23 
Agency: The Philip Ritter Co. 

Matheson, Coleman & Bell, Inc........ 25 


Agency: Firestone Adv. Service, Inc. 
New York Laboratory Supply Co., Ince. 32 
Agency: Raf Advertising, 


Palo Laboratory Supplies, Inc........ . 43 
Agency: Harold Marshall Adv. Co., Inc 

Agency: Kreicker & Meloan, Inc. 

12 
Agency: Breig Associates 

Agency: Burlingame-Grossman Adv. 

Schleicher & Schuell Co., Carl......... 9 
Agency: Wildrick & Miller, Inc. 

Scientific Glass Apparatus Co., Inc..... 33 

Standard Scientific Supply Corp... .... 14 
Agency: Firestone Adv. Service, Inc. 

Thomas Co., Arthur H.. 

Torsion Balance Co...............--- 6 
Agency: Michel-Cather, Inc. 

Agency: Ralph Gross Adv., Inc. 

‘Van Nostrand Ca., Inc., 7 


Agency: Albert Frank- Guenther Law, Inc. 
‘Welch Scientific Co., W. M.. 
wile” . Hooker Adb>. "Agency, Inc. 
a 24 Waterston & Fried, Inc. 
kens Anderson ‘Co................. 41 
Agency: Mandabach Adv. Agency 


for Microscopy or Photomicrography 


with an 0 


PHOTOMICROGRAPHIC 


CAMERA 


With this ideal permanent set-up you’re instantly 
ready for any visual or photomicrographic work. 
Just clamp microscope and illuminator to the 
AO Photomicrographic Camera base. A Special 
light-tight adapter and camera arm with fine 
adjustment positioning stop enable you to swing 
the camera away from the microscope and back 


without further adjustment. A binocular body - 


can be used for extended observations and easily 
replaced by a monocular body when you take 
photomicrographs. The telescopic focusing eye- 
piece permits viewing moving specimens up to 
the instant the shutter is released. At a moment’s 
notice you can switch from the camera back for 
35mm black and white or color shots to the 4” x 
5” unit for sharp photomicrographs suitable for 
technical journal reproduction. See your AO 
distributor or write Dept. 000. 


-Please mention‘CHEMICAL EDUCATION when writing to advertisers 


| 


* 360° REVOLVING BODY— 
No revolving stage needed. 


*% TAKES A 35MM FILM, 
4” x5" PLATES, CUT FILM, 
OR FILM PACK. 


* RUBBER VIBRATION 
ABSORBERS. 


* GROUND GLASS WITH 
TRANSPARENT STRIPS— 
For critical focusing by 
magnifier. 


* COMPENSATING LENS IN 
35MM CAMERA—Matches 
field to 4'’ x 5’’ camera. 

%* MICROSCOPE AND 
ILLUMINATOR—May be 
clamped in any of 3 positions, 
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THE BEST BUY 
OLORIMETERS 


DIRECT READING 
SCALE PANELS — 


4 WAYS TO 
MEASURE 


PRECISE 
POTENTIOMETER 
ACCURATE 
TO 2/10% 


10 ML 

TO .007 ML 
IN 9 
CUVETTE TYPES 


@ Real versatility— 9 cuvette sizes and types—sample volumes 
from 10 ml to .007 ml. The entire range of cuvettes, adapters, and 
accessories for the world-famous Junior Spectrophotometer can be used 
directly with the Model 8 Colorimeter! No other filter instrument has 
this complete flexibility, this tremendous choice of sample volume. 


COLEMAN 
features offer 
MORE VALUE | 
at 

cost 


@ 4 ways to measure with dual measuring system. Both Optical 
Density and % Transmittance readings by either of two methods — instant, 
direct-reflection readings from the illuminated galvanometer scale, for 
speed and convenience; null-point readings from the calibrated slide-wire 
potentiometer, for the highest possible precision. No other colorimeter 
offers this combination of precision and convenience. 


@ You can read concentrations directly with removable scale 
panels. Interchangeable panels can be calibrated to read concentrations 
directly . . . A tremendous time-saver! 

Plus... The same fine photocell and taut suspension galvanometer 
combination, the same rugged construction, the same selection of power 
supplies employed by the famous Coleman Junior Spectrophotometer. 
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-NOW—AS LOW AS 


SS 


Model PR-2 


International 
Refrigerated 
Centrifuge 


INTERNATIONAL EQUIPMENT COMPANY 


SOLDIERS FIELD ROAD, BOSTON 35, MASS. 


| | | 
= =| = 
— |— | 
—| 
| HE ney, Mode} PR.2 Offers the SCientigs 
~ ty, highe, SPeeq lowe, fempera ture and 9Teate, Versa. 
tility than before With thi. type of 
These advan tages are Made Possibi, by the USe of Sleey, Type 
Evapor. tor of Staines. Stee] Which Crease. Suarg bow] diam. 
Ster and lower, Powe, The Sealeg 
Unis is and "Pration frat Performan fea. | 
tures include. 
Seve, Hotizonts) SWinging Head, for tube. bottie. from 
is 10 to 609 ml, “aPacity, Maximy,, liquig 2400 Tl. a4 
4 
Fours, Angle Head, for tubes from 10 my to 125 ml, “8Pacity a 
d Two High “Speeg Head, for 7 ml. or 25 m] tubes at 25,000 G. 
be Maintained at for Indefinigs Periods 
: The Mode] PR.2 "Places the forme, Mode] and 
Many SdVvantages Of the Mode} are Provided Without Ncreass 3 
4 in Pricg Ver the forme, Mode] The New Mode} has bee, 
in Production for S€vera) MOnths and ji, being SUPpliag 89ain ss 
Order, Now on Our books for the 
Prompt delivery is from Your Apparat, 
Write 4S today for ney, Bulleti,, P.losg | 


orrect answers 


TO LABORATORY PROBLEMS 


For every conceivable problem or require- 
ment of the laboratory, a correct answer is 
provided by Fisher—a sum total of 15,000 
answers—and every one the best solution 
available anywhere. 

These answers are supplied in the form of 
scientific instruments, apparatus, laboratory 
glassware, unitized furniture and reagent 
chemicals . . . or they may be the kind of 
answers that are provided through specialized 


command . . . and our splendid plant facilities 
located at strategic points throughout North 
America, enable us to handle your needs 
quickly and efficiently. 

Whatever your problem or requirement, 
take it to Fisher first—and be sure. 


America's Largest of Laboratory Appliances and Reagent Chemicals 


services that embrace planning, design, pro- 
cedures and methods. 
Our technical men, our specialists and our 


PITTSBURGH (19) NEW YORK (14) MONTREAL, (3). 

development laboratories are always at your TIT Forbes St, 635 Greenwich St. 904 St. James 
ST. LOUIS (18) WASHINGTON TORONTO (8),P.0. 

2850 S. Jefferson Ave. 7722 Woodbury Dr. 245 Carlaw Ave. ; 


¢ 


